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ORIGINAL PAPERS 


SUGGESTIONS FOR DEVELOPMENT IN ENAMELING 
TECHNOLOGY' 


By Homer F. 
ABSTRACT 

This paper comprises the address of the Chairman of the Enamel Division of the 
AMERICAN CERAMIC SOCIETY at the Atlantic City Meeting, February, 1924. Among the 
suggestions for development in enameling technology are: The more general use of melted 
weights in representing enamel compositions; the use of coefficient of thermal expansion 
factors; improvement in the mechanical properties of enamel glasses by increasing the 
percentages of zinc oxide, boric oxide and titanium oxide, and by the use of thinner 
coatings; the widening of the heat range of ground coat enamel compositions by the use 
of more complex compositions than are now employed; and, finally, the more careful 
control of variation in the composition of the feldspars used in making enamels. 


Introduction 


It should be understood that in choosing the above title, the writer 
fully understands that enameling technology in this country has been 
making rapid advances during the last ten or fifteen years, and has already 
reached a high state of development. In fact, the enameled wares made 
in the United States surpass both in quality and quantity those of any 
other nation. Notwithstanding the present enviable position of the in- 
dustry, it certainly will not be out of place to consider the lines along which 
it seems possible to make even greater improvement in the future. 


‘Received April 7, 1924. 
2 Chairman’s Address (Enamel Division), Atlantic City Meeting, Feb., 1924. 
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Probably because the American nation as a whole has a peculiar genius 
in the application of mechanical ingenuity to manufacture, and for the 
development of systems of mass production of wares with high priced 
labor at comparatively small cost per unit of ware produced, advances in 
ceramic technology and suggestions for future development have been 
more prolific in the past few years in the branches of technology dealing 
with the equipment and methods used in the preparation of shapes, the 
melting and grinding of enamels, the application of enamels, and finally 
the firing of the wares. Very rapid progress along these lines seems as- 
sured. ‘Therefore, these remarks will be confined to the rather fundamen- 
tal question of enamel mixtures and possible improvement in these. 


Use of Melted Weights 


Possibly, one of the greatest advances that could be made would be the 
more general use of the system of representing enamel formulas in cal- 
culated percentage amounts of melted materials. In this system, the 
relations of the various ingredients in the enamel are not obscured by the 
presence of variable amounts of volatile ingredients and by the fact that 
the same oxide is often introduced by several chemicals. It makes it 
possible to calculate the percentage of each oxide present in the finished 
enamel and to determine at a glance whether the total for any oxide ex- 
ceeds the allowable limit. 

An outstanding advantage of this method is that it enables the enamel 
maker to apply to his mixtures the data available in the literature in regard 
to the effect of variation in chemical composition on variation of the me- 
chanical properties of enamels and glasses. All such data are given in 
terms of the percentage composition of the melted enamels. The use of 
such factors has its scientific basis in the fact that enamel glasses are really 
solutions and therefore their properties are additive functions of the 
properties contributed by the constituent oxides and radicals. The most 
hopeful line for rapid development in the enameling industry lies in the 
use of data now available and in the securing of more data in regard to the 
effect of variation in composition on such properties of enamels as the 
coefficient of expansion, the tensile strength, the elasticity, the ability to 
stand impact and the acid resistance. 


Factors for Coefficient of Thermal Expansion 


The most commonly used of the factors available are those for coefficient 
of expansion determined by Winkelman and Schott! for glasses and by 
Mayer and Havas? for enamels containing opacifiers. I am well aware 


1 “Tena Glass” by Hovestadt, p. 217. 
® Sprechsaal, 42, 497; 44, 188, 207, 220. 
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that in publications coming from the Expansivity Section of the Bureau 
of Standards the statement has been made twice! that the use of these 
coefficients is not accurate. The study of the data presented in these 
‘publications in regard to the difference between the actually determined 
expansivity of enamels and that calculated by the use of these factors, 
indicates that while the factors possibiy are not accurate from the stand- 
point of a highly specialized physical laboratory, they are sufficiently 
accurate to act as a very valuable guide in the technical control of enamel 
mixtures. They are certainly much better than no factors at all. The 
Bureau of Standards can do a valuable service for the enameling industries 
of this country if it will add to the list of factors now available and will 
furnish more accurate factors for use in cases where they consider the 
present ones unsatisfactory. In the meantime, quite a number of enamel 
makers have been using the present factors with great advantage. 

At this point it seems appropriate for the writer to say that in his 
Technologic Paper No. 142 of the Bureau of Standards, he was not enthusi- 
astic about the use of these coefficients. Since that paper was written he 
has used certain of them extensively with uniform success and has come to 
have considerable confidence in them. 

The coefficients of cubical expansion of the various kinds of enamels 
used in sheet steel vary from 0.0000280 to 0.0000330. Inasmuch as the 
coefficient of expansion for steel is about 0.0000412, the typical enamel 
must be under considerable compression. Elementary principles of 
mechanics show us that an enamel which is under compression will be 
much more liable to fishscale, and also to be damaged by impact in use, 
than one which is not under compression. Therefore, it seems logical to 
assume that steel enamels in general would be improved if they had higher 
coefficients of expansion. 

The tendency noted in the past few years to use compositions in which all 
the quartz is replaced by feldspar is in line with this suggestion. The main 
advantage of using feldspar is that in this way alumina is increased which 
raises the coefficient of expansion. The use of cryolite in ground coat 
enamels is a very easy way to get a high coefficient of expansion in these, 
but unfortunately cryolite shares with fluorspar the property of giving 
vesicular structure in ground coats. ‘Therefore, its use is not entirely 
satisfactory. In enamels for wares not to be used for cooking purposes, 
lead oxide may be used to give higher coefficients. 

The replacement of about 2'/:% of silica by high grade rutile in the case 
of ground coats and colored enamels and by iron free titanium oxide in 
the case of white enamels furnishes a means for raising the coefficient some 
ten points and at the same time obtaining the advantages of longer heat 


1 Jour. Amer. Ceram. Soc., 4 [8], 620 (1921); 6 [10], 1011(1923). 
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range, improved mechanical strength and marked increase in acid resis- 
tance. More than 3% seldom goes into solution but remains in suspen- 
sion in the enamel and increases the opacity. 

In regard to the use in general of substances sparingly soluble in enamel 
glasses a distinction must be made in the effect of the part that goes into 
solution and the part that remains in suspension as solid material. Thus 
titanium oxide in solution has a cubical coefficient value of 4.1 and raises 
the coefficient of enamels, while titanium oxide in suspension has a co- 
efficient value close to that of other solid opacifiers, around 2, and lowers 
the coefficient of most enamels. On the other hand zirconium oxide in 
solution has a low coefficient value very close to that of silica in solution 
(0.8), while in suspension as an opacifier its coefficient value is 2.1. 


Increased Mechanical Strength of Enamel Glasses 
Many years ago Winkelman and Schott! pointed out that the strength 
and elasticity of glasses were important factors in their ability to stand 
sudden heating and cooling. They introduced the term “thermal en- 
durance’’ to denote the power of a glass to withstand thermal shock and 
deduced the following formula: 


r rr 
Ea De 


where 7 is the tensile strength; /, Young’s modulus of elasticity; a the 
linear coefficient of thermal expansion; A the conductivity for heat; D the 
density; and c the specific heat. The properties directly affecting the 
thermal endurance are tensile strength, elasticity, and coefficient of ex- 
pansion, the remaining factors being proportional directly or inversely to 
their square roots. 

Since enamel glasses are attached to metal, the difference between the 
coefficient of expansion of the enamel and the metal base must be con- 
sidered and the formula showing the more important factors for thermal 
endurance of enamels may be written: 

: 

E(a—a’) 
in which a’ is the linear coefficient of thermal expansion of the metal, and 
the other letters have the same significance as above. Aside from the 
difference in expansion coefficients the ability of enamels to stand strain 
is expressed by the relation i In Technologic Paper 142, of the Bureau 
of Standards, page 119, the writer has used the last expression to derive 
factors indicating ability to stretch given to glasses by various oxides. 


1 “Jena Glass” by Hovestadt. 
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The relative order is as follows: 


Zine Oxide 100.0 Barium Oxide 5.0 
Boric 32.5 Alumina 3.1 
Silica 13.8 Sodium Oxide 2.0 
Lead Oxide 5.3 Potassium Oxide ey 


While the values given are open to some question on account of the small 
number of glasses studied, the order of the oxides in this set of factors 
agrees qualitatively with practical experience in enameling. In enamels 
of given fusibility, those high in zinc oxide, boric oxide and lead oxide 
give less trouble from crazing and chipping than those high in alkalies. 
Barium oxide occupies an intermediate position, according to the experi- 
ence of the writer, as it does in this list. 

Little is known of the effect of other enamel making ingredients on the 
mechanical properties of enamel glasses. It is generally accepted that 
calcium oxide, fluorspar and cryolite have an unfavorable influence. 
The effects of zirconia have been studied by Wenning' and by Wolfram.’ 
In general the effects seem to be favorable. Titanium oxide also has a 
very decided effect in increasing the mechanical strength of enamel glasses. 
W. E. S. Turner’ points out that titanium raises the thermal endurance of 
glasses in spite of the fact that it raises the coefficient of expansion, which 
is detrimental in glasses. On the other hand, the increase of coefficient 
of expansion is an advantage in enamels, and we get the full advantage of 
increase in mechanical strength imparted by titanium oxide. 

Increased strength and elasticity of white enamels could be obtained 
by the use of much more opaque enamels than are at present employed 
and their application in much thinner coats. This would mean that in- 
stead of using 4 to 10% of opacifiers on the mills, that from 10 to 
even 20% would be used as is the custom in foreign countries. It 
would also mean that instead of grinding the enamel to a comparatively 
coarse consistency, it would be ground quite fine. Contrary to accepted 
belief, the use of such large amounts of opacifiers would be economical 
since the weight of enamel used would be so much less. According to the 
principles of mechanics and also according to common experience, the 
mechanical qualities of enamel coating, such as elasticity, resistance to 
impact and adherence to the steel, are tremendously improved by the 
use of thinner coatings. 


Widening of Heat Range~ 
Quite a number of the types of compositions used for enamels which 
are applied in thin coatings, such as ground coat enamels for sheet metal 


1 Bull. Amer. Ceram. Soc., 2 [5], 102-4(1923). 
2 Jour. Amer. Ceram. Soc., 7 [1], 1-13(1924). 
3 Pottery Gaz., 48, 607-17 
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and cast iron, and one-coat gray enamels for steel, have comparatively 
short heat ranges. That is, there is only a narrow temperature range 
between the point at which the enamel coating becomes sufficiently fluid 
to adhere to the metal and the point at which it burns off at spots on which 
it is particularly thin or which become particularly hot. The work- 
ability of these compositions would be greatly improved if their heat range 
could be widened. 

The temperature at which enamels have sufficient fluidity can be lowered 
only by adding materials which will make the compositions more fluid 
at low temperatures. ‘The drawback to doing this is that in general, but 
not in all cases, such additions will also lower the temperature at which 
the enamel burns off. 

The temperature at which the enamel burns off or volatilizes on heating 
can be raised by making the composition of the melted enamel more 
complex. Without dwelling on the physical chemical relations underlying 
this effect, we may say that melted enamels are essentially like salt solu- 
tions, and the greater number of compounds in solution one in another 
in the enamel, the higher the boiling point or volatilization temperature 
of the enamel. Without knowing the compounds actually formed in 
melted enamels, we can safely assume that by adding a new element which 
goes into solution in the enamel mixture, we are making the composition 
of the melted enamel more complex and will give it a higher volatilization 
temperature. By careful selection of elements for addition, we can also 
make the enamel more fluid at low temperatures, and thus widen the tem- 
perature range both at the bottom and at the top. 

Among materials not at present in general use in ground coat enamel 
glasses which may be introduced with advantage are lead oxide, zinc oxide, 
zirconium oxide and titanium oxide. With the exception of lead oxide, 
these materials may also be used in one-coat gray ware enamel glasses. 
For these uses it is satisfactory to use natural zirconia minerals as a source 
of zirconia and rutile as a source of titanium oxide. 

One principle that seems to be fundamental in making a good ground 
coat for cast iron is that when the ware goes into the furnace, the ground 
coat should contain a certain amount of raw material. The presence of 
this can be secured either by melting the frit only to a thick paste in which 
case part of the sand used in all such frits is only partially dissolved, a 
certain part remaining undissolved, or by adding raw material at the mill. 
The philosophy of the presence of this raw material seems to be that as 
the ware heats up the raw material is gradually dissolved by the rest of 
the glass and the glass does not volatilize so readily. In general, we may 
say that the amount of this raw material should be not less than 15% of 
the melted weight of the glass and not over 35%. Attempts have been 
made to use larger amounts of raw material than 35%, but in such cases 
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it is not absorbed into the rest of the enamel coating, but simply remains 
on the casting as inert material, while the rest of the glass is burned to a 
cinder. 


Control of Variation in Feldspars 


Probably the greatest avoidable loss in enameling of metals is that due 
to variation in composition of feldspar. As is well known commercial 
feldspars are not definite minerals but mixtures of two or more varieties 
of feldspar with other minerals, the chief of which is quartz. Therefore, 
various shipments of feldspar, even those from the same mine, will vary in 
composition. ‘The most harmful effect of this variation is the variation it 
produces in the coefficient of contraction of enamels. The fact is that 
variation in feldspar has and is still causing more trouble in enameling of 
metals than any other one thing. 

There are only two real solutions to the problem. The first is to use no 
feldspar and to make silica the chief refractory of the enamel. The second 
is to obtain an accurate analysis of each shipment of feldspar and to adjust 
the enamel mixture to the variation in composition of the feldspar. 


METAL AND THERMIT CORPORATION 
120 Broapway 
New York City 


SILLIMANITE! DEVELOPMENT IN SOME TYPICAL CLAYS? 
By Hopart M, KRANER 
ABSTRACT 
The question of sillimanite development in clays during firing is given theoretical 
consideration. References are cited which indicate a change in the structure of the clay 
molecule immediately after dehydration. Since most materials in the amorphous 
condition have lower indices of refraction than crystals or crystalline aggregates of the 
same chemical composition, the development of sillimanite is traced by increase of the 
mean indices of refraction of the fired clay aggregates. 
Results based upon this method show a rapid development of sillimanite between 
900 and 1100°C. 
Introduction 

The development of sillimanite in porcelain where fluxes, fluidity, 
catalysis, and slow cooling play their parts has been considered by others. 
The same question has also been considered from time to time as it is re- 
lated to better clay refractories. In most cases where microscopic evi- 
dence was depended upon as a criterion of sillimanite development, this 
evidence was based upon the appearance of a crystal large enough to be 
seen microscopically. 

In the light of this present study, the theory advanced by Watts* to 
account for the failure of refractories under load at about 1350°C might 
be more plausible than was thought at that time. He suggested that the 
molecular rearrangement of the clay molecule incident upon the develop- 
ment of sillimanite causes a weakened structure, and consequently a failure 
if the refractory be under pressure. ‘To refute or corroborate this state- 
ment it is necessary to show how sillimanite develops during the heating- 
up period, and how this development is influenced by the presence of native 
fluxes and the resultant liquid phases which develop with continued in- 
crease in temperature. Other workers have shown us little regarding the 
molecular constitution of the mass immediately after dehydration of the 
clay molecule or what takes place with additional heating until the ap- 
pearance of the crystal sillimanite. | Recent work‘ on the rational analysis 
of clays points out that there is a distinct decrease in its solubility in hy- 
drochloric acid after a clay has been calcined above 700°C. It has been 
noted that the best temperature to which to calcine a clay in preparation 
for rational analysis is in the neighborhood of 500°C. This indicates a 
period of weakness of the clay molecule with subsequent molecular re- 
arrangement which decreases the solubility. 


1 An appendix giving the interpretation of the results here found in the light of the 
discovery of Bowen and Greig, Jour. Amer. Ceram. Soc., 7 [4], 238(1924) follows this paper. 
2 Presented at the Atlantic City Meeting, Feb., 1924 (White Wares Division). 

3 Jour. Amer. Ceram. Soc., 3 [6], 448-459(1920). 
4K. Fuha (Jap. Cer. Assn., 351, 566(1921)). 
R. Rieke, ‘Rational Analysis as an Aid to Technical Control,’’ Ber. D. Ker. 


Gesellschaft, 3, 24(1922). 


‘ 


SILLIMANITE DEVELOPMENT 727 


Whenever a clay mass has been given sufficient fluidity by subjection to 
a very high temperature, sillimanite shows a readiness to crystallize even 
from fairly siliceous viscous melts cooled rapidly. The writer found that 
in some siliceous clays melted in the flame of an oxy-gas torch, it was almost 
impossible to obtain a glass free from sillimanite crystals which would form 
in the glass during the short period of quenching. With this indication 
of a marked stability of the sillimanite molecule, it is quite likely that after 
heating through the dehydration period the molecules are not unassociated. 
Between this dehydration period and the temperature at which the eutectic 
between sillimanite and silica, or some other complex eutectic of an impure 
clay is formed, it would seem that the heat treatment given the mass 
would assist this association of the stable phases, which in this case would 
be sillimanite and the stable phases of silica at the corresponding tem- 
peratures. After the temperature of the liquid phase has been reached, 
we would of course expect the solution of these solid phases, that one which 
is present in excess dissolving last. 

Referring again to the marked tendency of sillimanite to crystallize from 
a melt, we can expect it to be a product of recrystallization in quite viscous 
masses and this recrystallization will cloud results in which the appear- 
ance of the crystal is taken as a criterion of sillimanite development during 
the heating-up period. Its appearance as a criterion of development is 
uncertain for the reason also that we are limited by magnification in the 
size of crystal which can be seen microscopically. The term ‘‘amorphous’’ 
has been used in cases where ‘‘submicroscopic’’ might better have been 
used. Because we cannot see crystals of sillimanite in the mass is not 
sufficient cause to state that submicroscopic or colloidal crystalline silli- 
manite is not present. X-ray analysis has shown! that there is a change in 
crystal structure incident upon and subsequent to the dehydration of the 
clay. 

In the search for a microscopic method by which this progressive silli- 
manite development can be studied, the following are to be considered. 

(1) Upon heating, kaolinite (AlyO3.2S5i02.2H»O) loses water, leaving 
Al,O; and 2SiO2 which might be associated as AlpSiO; and SiOQ2, both prob- 
ably amorphous and existing as individual molecules which have not yet 
arranged themselves into geometric units characteristic of their crystal 
habit. The latter development will probably take place with increase of 
time and temperature. 

1 Trans. Ceram. Soc. (Eng.), 22, 105-10(1922-23). Kaolinite dried at 110°C was 
shown to be crystalline by its X-ray spectra. After calcining to 700°C it showed only 
traces of crystal structure, and such particles were present in extremely minute or col- 
loidal sizes. After calcining at 900° or 1000°, a well marked crystalline structure was 
found and was the same for several specimens, and were different from those obtained 
for kaolinite before firing. 
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(2) Crystallization in an amorphous mass as in (1) produces a change in 
mean index of refraction of the mass, and to the extent to which crystal- 
lization takes place. The effect of crystallization from such an amorphous 
mass is to raise the mean index of refraction of the mass. If dissociation 
takes place in the clay molecule with amorphous Al,SiO; and silica as the 
products, the resulting index of refraction will be intermediate between 
that of a glass of sillimanite composition and of silica glass. 

(3) If an aggregate of sillimanite and cristobalite in the anhydrous 
kaolinite ratio is heated, the index of refraction of the aggregate will 
decrease progressively as the melting proceeds, and wilf continue to de- 
crease until the last of the crystal phase has gone into solution. 

(4) If any mixture of amorphous Al.SiO; and SiO» is melted, there is no 
change in state, and the mean index of refraction should not vary from 
that of the original aggregate. 


Method of Investigation 


b and c of Fig. 1 show the indices of refraction of glasses which are of 
interest in this study. They represent all compositions between pure 
alumina and pure sil- 


2/ 

mt ica and of course in- 
‘17 Ale Sis + ett clays free of impuri- 


se 


Al2S105 *Alz Os 


Cristobaliie + ties, the amorphous 
(41 Tridyrnite AleS:Os phases of which need 


Fercents Grovwrnetric 


Temperatures on 1n 


consideration. These 
glasses were produced 
by molding together 
with dexirine, mix- 
tures of corundum and 
flint and melting them 
in the flame of an oxy- 
gas torch, either pull- 
ing the glass out into 


Percents Gravimetric 8 threads, or causing 

8 the molten drop of 

& liquid to drop into a 

beaker of water placed 

% within one or two 

° inches of the flame. 

] N This latter method 

140 was found necessary 


SiQ2 90 80 FO 60 SO 40 30 20 


to prevent crystalliza- 
tion in some of the 


2/ 

20 

/9 & 

- 460 4 

46 

1S 450 

4+ 1.45 

43 1.40 

Fic. 1. 


IN SOME TYPICAL CLAYS 729 


mixtures, but in the case of the eutectic composition and silica itself it 
was not necessary. The viscosity of each was so great at the melting 
points that beads could not be blown from the melting piece with the 
torch. Neither did crystallization take place readily in them. 

In the case of anhydrous kaolinite composition, it was very difficult to 
obtain a glass free from sillimanite unless it was cooled by the above 
method. It is obvious that with this composition it is necessary for the 
glass to be free from sillimanite crystallization in order that the composition 
and index of refraction of the resulting glass shall be truly representative. 

In the case of a chemical compound stable at its melting point, the 
melting is congruent. The liquid in equilibrium with the solid has the 
same chemical composition as that of the solid. It is therefore unimpor- 
tant whether the measurement of the index of refraction of a glass of the 
composition of a chemical compound stable at its melting point is made 
in the presence of the crystal or not. 

Indices of refraction of the minerals which might be of interest here are 
as follows: 


Mineral Index of refraction! 

Quartz 1.544 1.553 
Tridymite 1.469 1.47 1.473 
Cristobalite 1.4384 1.487 
SiO, glass 1.45 

Kaolinite 1.561 1.565 1.567 
Al,O;2SiO: glass 1.53 

Sillimanite 1.659 1.660 1.680 
Al,SiO; glass 1.58 

Corundum 1.760 1.768 
Al,O; glass 1.72 


It will be noted that the indices of refraction of glasses of the composition 
of anhydrous kaolinite or of sillimanite, vary considerably from the in- 
dices of the minerals themselves. It will also be noted that there is little 
difference between indices of refraction of silica glass, tridymite and cristo- 
balite. If there is a change in the silica phases, the change of the mean 
index of refraction of the aggregate will be small, due to this small difference 
in the indices of refraction of the phases, quartz excepted. 

For the purpose of studying the foregoing, the following five clays were 
chosen : 
Tennessee Ball Clay, McKenzie, Tennessee. 
Flint Fire Clay, Scioto County, Ohio. 
Plastic Fire Clay (Tionesta) Shawnee, Perry County, Ohio. 
North Carolina Kaolin, Spruce Pine, North Carolina. 
Pure Crystalline Kaolinite, Red Mountain, Colorado (From U. S. National 

Museum). 


1U.S.G.S., Bulletin 679, ““The Determination of Non-opaque Minerals’’—Larsen. 
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Their analyses are as follows: 


1 2 3 4 
Ign. Loss 8.53 12.90 7.87 16.83 
SiO: 61.23 45.20 57.35 44.50 
25.05 36.77 27 . 96 37.55 
Fe,0; 1.30 1.30 0.83 0.54 
CaO 0.10 0.50 0.13 Trace 
MgO 0.20 0.08 0.12 Trace 
TiO» 1.35 1.80 1.86 0.03 
K,0 0.52 1.32 0.75 

1.90 

Na,O 0.00 0.21 
MnO 0.01 
SiO, 
Al,O; 4.15 2.09 3.49 2.01 molecular ratio 


Half-gram samples of each of these five specimens were placed in smaall 
platinum envelopes and these charges, suspended from the bead of a plat- 
inum platinum-rhodium thermocouple, were then heated in a platinum re- 
sistance furnace for twenty-four hours at the temperatures desired. At the 
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end of this time they were removed and cooled as rapidly as possible in 
the air. A small amount of each of these was ground in an agate mortar 
for a sufficient length of time to make them homogeneous and to cause 
any small particles of crystalline material to disappear by reason of be- 
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coming an invisibly small particle in the aggregate. This usually required 
about thirty minutes grinding for each fired clay. The indices of refrac- 
tion of the aggregate were determined by the immersion method, the 
Becke reaction, and in ordinary light. Values found are given in Fig. 2. 
In order to study the completeness of the development of sillimanite at 
the higher temperatures, a charge of the pure kaolinite was melted com- 
pletely and allowed to cool slowly over a two-hour period. This melt was 
pulverized as was done with other samples and the index of refraction of 
the aggregate obtained. It was found to be 1.578, this being only slightly 
higher than the highest indices of aggregate of the same clay. 
Examination of the more coarsely ground aggregates shows the following: 
The impurities are largely rt 1 micas. 
Clay No. 1 s impurities are largely quartz anc mnicas. 
Ihese are not affected by the heating until 1000°C 
is reached when the mica loses its optical proper- 
ties, apparently disappearing by solution at about 1100°C. At 1200°C 
the whole aggregate assumes a mass birefringence which, under high power 
magnification, is plainly an intergrown and abundant sillimanite develop- 
ment. At 1300°C this is more plainly developed and at 1500° there is 
definite segregation of larger crystals and glass. 
uartz is the chief impurity and it appears 
. . principally in fine grained aggregates, which are 
Flint Fire Clay 
present up to 1100°C. Some questionable traces 
of sillimanite are present at this temperature. At 1200°C the aggregates 
of quartz disappear into the mass which has assumed the mass birefrin- 
gence, and at 1300°C distinct development of sillimanite is apparent. 
Clay No. 3. This is very impure, the micas being the chief 
°. we impurities. Quartz and iron stain are present in 
Plastic Fire Clay 
large amounts. Mass birefringence is noted at 
1000°C, while at 1100°C crystals of sillimanite 
are definite. At 1200° it is very well developed with the larger quartz 
grains still present. At 1300° the quartz persists, but slowly disappears 
with further increase of temperature. The sillimanite continues to de- 
velop into larger grains. 


Clay No. 4. North 
Carolina Kaolin 


Muscovite mica is the chief impurity. A 
small amount of quartz ispresent. At 1100° some 
mass birefringence is apparent and at 1200° this 
is very distinct, showing considerable sillimanite, while at 1300° this is 
well developed. 


Clay No. 5 
Kaolinite 


The crystals gradually lose their optical properties 
and pass to a nearly isotropic mass at about 600°C. 
They then begin to show mass birefringence which 
develops further at higher temperatures. Where the isotropic condition 
is complete, and where the mass birefringence begins to take form is hard 
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to determine. The appearance of sillimanite is not definite until about 
1300°C. At this temperature a lattice work of needles is formed which 
explains the change of the sign of elongation in the skeleton of the kaolinite 
crystal. The former crystal when lying on its basal pinacoid face gave a 
negative sign of elongation. The new crystal formation in it gives the old 
skeleton a positive elongation. The sillimanite crystals intersect so that 
the resulting angles are 65 and 115°. ‘The line bisecting the acute angle 
is parallel with the elongated sides of the old crystal. Inasmuch as 
the new needles have positive elongation, the net result is a positive 
elongation for the new structure. 


Interpretation of Results 

From the results of Fig. 2 it would seem that: 

1. Decrease of indices of refraction represent the passage into the amor- 
phous condition. 

2. The rapid increase of indices of refraction of the aggregate between 
600 and 1000 or 1100°C is probably caused by the development of sub- 
microscopic sillimanite. 

3. The decrease of the index of refraction above 1200°C of the aggre- 
gates of the clays No. 1 and No. 3 which are high in silica and fluxes is 
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probably due to the re-solution of sillimanite formed, or to the passing into 
solution of the silica minerals (usually quartz) which had not already done 
so; the effect of quartz being appreciable. 

4. Applying No. 3 to the conditions which prevail at high temperatures, 
the generally conceded statement that “the bond gives way’”’ in refractories 
is undoubtedly true. 
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In most cases the bond clay is of inferior refractoriness. The develop- 
ment of the sillimanite is indirectly the cause of the weakening of the re- 
fractory. Its development 
causes a segregation of the silica 
of the former clay molecule into 
the more impure portion, with a 
resulting increase of fluidity. 

. Even in the very purest clay (see 
Fig. 3) a considerable quantity 
of liquid is present as soon as 
1610° is reached. With increase 
of temperature the amount of 
liquid present increases. By in- 
timate mixing and fine grinding 
with some form of alumina, the 
amount of silica sloughed off dur- 
ing the formation of sillimanite 
can be absorbed and thus more 
sillimanite formed and the 
amount of fluid decreased as the 
composition approaches that of 
sillimanite. 


Fic. 4.—Clay No. 5 kaolinite between 
crossed nicols. 


Conclusions 


1. Sillimanite development seems to be 
a gradual rather than a sudden one. With 
progressive heating it probably begins as 
soon as the clay molecule is dehydrated. 

2. The weakness of clay refractories at 
high temperatures is probably not due so 
much to volume changes incident upon the 
°3| molecular rearrangement of the clay as it is 
upon attendant fluidity. The segregation 

Fic. 5.—Clay No. 5 heated to Of a very stabie, refractory, fairly insoluble 
1350°C 24 hrs. Plane polarized compound from the composition of the clay 
light. Shows herringbone struc- sed, means also the segregation of the 
ture due to the development fyxes into the higher silica portion with a 
of sillimanite. 

consequent increased degree of fluidity. 
The separation of sillimanite and the growth of the crystal might, therefore, 
be the indirect cause of this weakness. 

3. Sillimanite development apparently takes place as abundantly in 


i 
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clays which do not contain impurities as in those in which early fluidity 
operates to promote the size of the crystals. 

4. When the mineral sillimanite develops from a kaolinite crystal, the 
direction of elongation of the new mass assumes the same direction of 
elongation of the former kaolinite crystal. In kaolinite the sign of elonga- 
tion was negative whereas the new mass has a positive elongation. 


Appendix 


Inasmuch as the work given in this paper was completed before the pre- 
sentation of Bowen and Greig’s discovery that 3A1l,0;2SiO. rather than 
Al,O;SiO:2 is the only binary compound occurring in the AlyO;-SiO. system, 
the interpretations and conclusions were drawn assuming sillimanite to be 
the compound which develops in clays upon firing. From the optical 
data presented, it may be readily seen that the discovery will not affect 
the value of previous petrographic interpretations on fired ceramic bodies 
in which this crystal was called sillimanite, and neither will it affect con- 
clusions here drawn. Sillimanite has indices of refraction 1.659 and 1.680, 
whereas 3A1.0,2Si0O. has indices of refraction 1.642 and 1.654. ‘These 
indices still are considerably higher than the glass of this or any other 
composition in the system richer in silica from which this compound would 
crystallize. Such crystallization would raise the index of refraction of the 
aggregate, just as would crystallization of sillimanite from it if the latter 
were the stable phase. Therefore interpretations based on this method 
apply to the development of 3A1l,:032SiO, as well. 

If 3Al,0;2Si0, separates from the composition AlyO;2SiO, either by crys- 
tallization from the melt or by segregation during progressive heating, 
the material in excess of the crystal is richer in silica than would be the case 
if sillimanite were crystallizing. A greater amount of fluid portion is 
therefore present as soon as 1545°C, the eutectic temperature, is reached. 
This temperature of fluidity is easily lowered in clays by increased numbers 
and percentage of impurities. 

Since neither sillimanite nor 3A1,032SiO, is stable at its melting point, 
glasses of alumina and silica containing them do not have their respective 
chemical compositions. Indices of refraction measured on these glasses 
would therefore not be representative of glasses from which crystallization 
had not taken place. The value for the index of refraction of glass of silli- 
manite composition given in the text is for a crystal-free glass. 

Note: The author wishes to express his indebtedness to W. J. McCaughey and 
A. S. Watts whose advice and assistance made this work possible. 
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THE DEHYDRATION TEMPERATURE OF PYROPHYLLITE 
AND SERICITE! 
By J. L. Stuckey 
ABSTRACT 

Pyrophyllite and sericite are sometimes closely associated in works and the clays 
derived from them. They contain similar amounts of chemically combined water, but 
the sericite gives up its water more readily than the pyrophyllite, and is completely 
dehydrated at a lower temperature. 


The dehydration temperatures of the hydrous silicates are of interest 
in connection with the changes that take place in the firing of clays, and 
since these materials are usually of variable and complex composition 
mineralogically, it follows that different clays may show a variable de- 
hydration curve, depending on the nature and amount of hydrous mineral 
compounds present. 

Among the minerals not uncommonly found in many clays is sericite, 
the finely divided form of muscovite. A mineral which may closely re- 
semble it optically, and is sometimes found associated with it in some rocks, 
and residual clays derived from it is pyrophyllite (H2AlSisOy). This 
material, which resembles tale in appearance is also claimed by the pro- 
ducers to have been used in pottery manufacture; but the writer has not 
been able to confirm this statement. 

During a recent investigation by the writer of the pyrophyllite deposits 
of the Deep River Region in Moore and Chatham Counties, North Caro- 
lina, it was found that the pure pyrophyllite contains small lenses of seri- 
cite, and that the two grade into each other. 

The pure massive phases of the two minerals were often difficult to 
separate on inspection, and chemical analysis was resorted to in order to 
determine the amount of each in the mass. 

In making the analyses it was found that the combined water of pyro- 
phyllite was harder to drive off than that of the sericite, in fact by using 
the Penfield method, it was possible to get a loss of only 4°% from the 
pyrophyllite. Ignition over the full heat of a bunsen burner for forty 
minutes did not give a constant weight, and ten minutes further heating 
over a blast lamp gave but 0.2 per cent additional loss. 

It was therefore decided to try heating the minerals in a furnace. 

Specimens of pure pyrophyllite and pure sericite, as determined by 
chemical analyses were selected and ground to pass a hundred mesh sieve. 
Porcelain crucibles of 10 ccm. capacity were heated to constant weight, 
and duplicate samples of pyrophyllite and sericite that varied from 0.9 
to 1.1 grams were weighed out for each temperature used. These samples 
were heated in an electric furnace at 400°, 500°, 600°, 700°, and 750°C, 


Reed. July 21, 1924. 
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and in a gas furnace at 800°, 900°, and 1000°C. The temperatures were 
determined with a recently calibrated thermo-electric pyrometer. 

It was found that after 110°C there was no loss until between 300° and 
400°C in the case of the sericite, and between 400° and 500°C with the 
pyrophyllite. 

The ovens used could be opened and closed while hot, so the samples 
were treated as follows: The first set of samples was placed in the cold 
oven and heated to 400° and held there for fifteen minutes. While the first 
set of samples was being dehydrated the second set was heated in a drying 
oven at 130° to prevent the crucibles breaking when they were placed in 
the hot oven. As soon as the first set of samples had been heated at the 
required temperature for fifteen minutes it was removed, cooled in a desic- 
cator and weighed at once, and the second set which had been heated in 
the drying oven was put into the furnace and heated at the next required 
temperature, while set number 3 was put into the drying oven to be heated 
to 130° and prepared for the furnace. In turn every set of samples was 
treated alike. It was found that 30 minutes time was required to raise 


5%, Pure Sericite | | 
Pure Pyrophy|lite | 
Ax | + 
3% T t t 4 
— 
110° 200° 300°400° 500°600° 700° 750° 800° 900° 1000° 


Fic. 1. 
the temperature from one stage to the next, hence, as the temperature was 
held at the pre-determined point for fifteen minutes every set of samples 
was in the furnace forty-five minutes, under approximately the same con- 
ditions except for the increase in temperature. The loss in the duplicate 
samples checked in every case within .07%. 

The diagrams given in Fig. 1 show graphically what happened. 

The pure pyrophyllite and sericite have about the same percentage of 
water, although in this case the pyrophyllite had a small amount more 
water than the sericite. 

Between 500° and 600° the sericite lost 2.2% while the pyrophyllite 
lost .98%, between 600° and 700° the sericite lost 1.35% while the pyro- 
phyllite lost 1.84%, between 700° and 750° the sericite lost .39% while 
the pyrophyllite lost 1.47%, and between 750° and 800° the sericite lost 
40% and the pyrophyllite .75%. At 800° the sericite was completely 
dehydrated while the pyrophyllite still had about .2% which was driven 
off at 900°. 

The sericite showed a large percentage loss of water between 500° and 
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600° and after that the loss was gradual and uniform. ‘The pyrophyllite 
showed its first permanent loss between 500° and 600° and its greatest 
single loss was between 600° and 700°, but as a whole the loss was more 
uniform and a higher temperature was required to completely dehydrate 
it. 

It may be of interest in this connection to refer to some earlier work done 
by Le Chatelier.'| He determined the points at which pyrophyllite loses 
its water by getting the points at which on rapid heating there was a re- 
tardation in temperature use, and found one at 700°C and another at 
850°C. It will be noted, however, that from the present writer’s experi- 
ments the pyrophyllite continued to lose water at a higher temperature 
than 850°C. 


GEOLOGICAL LABORATORY 
CORNELL UNIVERSITY 


1Soc. Min. France, Bull. 10, 207 (1897). 


DETERMINATION OF THE DISTRIBUTION OF HEAT IN KILNS 
FIRING CLAY WARES! 
By W. E. Rice? AND RALPH A. SHERMAN? 
ABSTRACT 
This paper presents a description of some methods of collecting data on the per- 
formance of ceramic kilns and an explanation of the formulae used in calculating heat 
accounts from the data. It is hoped that these methods may serve as a foundation for 
the formulation of a code for testing kilns in order that the efficiency of new kilns can 


be determined on a comparative basis. 


Introduction 

The investigation of burning problems in refractory kilns included tests 
of seven kilns on each of which data were taken during two burns. ‘The 
first burn on each kiln was conducted according to the usual plant practice 
while the second burn was conducted with changes which, it was thought, 
would reduce the burning time, reduce the coal consumption or improve 
the quality of the ware. 

An important feature of the investigation was the collection of data 
from which the distribution of the heat input could be determined. ‘This 
paper presents in detail the methods of collecting these data and the 
calculation of the heat accounts, and a discussion of the meaning of the 
various items. It was necessary in making the calculations to make cer- 
tain assumptions which may not be absolutely correct; also it was im- 
possible to determine certain heat losses. However, it has been possible 
to account for from 70 to 93°7 of the heat content of the fuel fired into the 
kilns tested. Had the tests been conducted for the sole purpose of making 
heat accounts it would have been possible to obtain additional data from 
which a closer accounting of the distribution of the total heat input could 
have been made. 

The heat accounts which follow consist of fourteen items. 

1. Heat used to raise the temperature of the brick. 
2. Heat used to raise the temperature of the saggers. 
3. Heat used to evaporate moisture from the brick. 

Heat in combustible in ash. 

». Heat in combustible in flue gases. 
6. Heat in dry flue gases. 
7. Heat in water vapor in the flue gases formed from the coal. 
8. Heat used to raise the temperature of the walls of the kiln. 
9. Heat used to raise the temperature of the crown of the kiln. 
10. Heat lost by radiation and convection from the walls of the kiln. 
11. Heat lost by radiation and convection from the crown of the kiln. 


1 Published by permission of the Director, U. S. Bureau of Mines. Recd. March 
18, 1924. Released for publication by the Refractories Manufacturers Association, 
July, 1924. 

2 Computer, Pittsburgh Expt. Station, U. S. Bureau of Mines. 

3 Asst. Physicist, Pittsburgh Expt. Station, U. S. Bureau of Mines, 
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12. Heat given up by gases between bottom of kiln and stack. 
13. Unaccounted for losses. 
14. Total heat in coal fired. 


Methods of Collecting Data and Calculation 


The methods employed in collecting the data and computing the item 
of the heat account follow in detail: 

The quantity of heat used to raise the tempera- 
Heat Used to 

: ture of the ware from its initial temperature 
Raise the Tempera- ; 
eit tlt Cini Wika to its final temperature was calculated from (a) 
the total burned weight of the brick set in the 
kiln, (b) the rise in temperature above the initial temperature, and (c) 
the corresponding mean specific heat. 

(a) The burned weight of the brick set in the kilns was obtained by 
keeping an accurate record of the number of pieces set and by weighing 
a number of samples of each different shape as the burned ware was re- 
moved from the kilns. 

(b) The initial temperature of the ware was measured with a mercury 
thermometer as the kiln was being set. The final temperature was esti- 
mated by taking the mean of a number of temperatures measured with 
platinum-platinum rhodium thermocouples which were permanently 
placed at representative points in the bottom, middle, and top of the 
setting as the ware was being set in the kiln. 

(c) The ratio of the amount of heat required to raise the temperature of 
a substance one degree to that required to raise the temperature of an equal 
mass of water one degree, usually from 14.5°C to 15.5°C, is called its 
specific heat. ‘The thermal capacity of a substance between two tempera- 
tures t, and f2 is the quantity of heat required to raise the temperature from 
t, to tg. As the specific heat varies with the temperature the mean value 
between the temperatures considered must be taken for purposes of 
calculation. 

Inasmuch as it has not been possible to make specific heat determinations 
on samples of the brick burned in the kilns tested it has been necessary 
to refer to such data on specific heats of refractory materials as has been 
published by other authorities. 

For fire clay brick the specific heats are obtained from Mellor’s' formula: 

Mean specific heat = 0.192 + 0.000033 7, where 7 is expressed in 
degrees Fahrenheit. 

For silica brick the values are obtained by calculation from data given 
in the Gas World® for the diffusivity and conductivity of silica brick. 

! Wilson, Holdcroft and Mellor, “Specific Heats of Fire Brick at High Tempera- 
tures,”’ Trans. Ceram. Soc. (Eng.), 12, 279 (1912-1913). 

2A. L. Green, ‘““‘The Thermal Conductivity of Refractory Materials at High 
Temperatures,” The Gas World, 13, July 1 (1922). 
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From Fourier’s linear diffusion equation may be obtained the equation: 
Thermal conductivity 


Thermal conductivity = K-C:S, or S = yr; 


where 


| 


= diffusivity 


C = apparent specific gravity 
S = specific heat 
The mean specific heats thus obtained are: 


For magnesia brick the values given by E. Heyn! are used, as follows: 


The formula for the computation of the heat used to raise the tem- 


Temp. in °F 
t 


200 
400 
600 
800 
1000 
1500 
2000 
2500 


Temp. in °F 


200 
400 
600 
800 
1000 
1500 
2000 
2500 


perature of the brick is: 
H = 


Mean specific heat between 
32°F and (°F 


0.170 
0.180 
0.189 
0.198 
0.208 
0.231 
0.255 
0.278 


Mean specific heat between 


77°F and i°F 
0.219 
0.233 
0.244 
0.252 
0.257 
0.270 
0.282 


0.294 


where H = the heat used to raise the temperature of the brick 
W = the burned weight of the brick 
t; = the initial temperature of the brick 
tj = the final temperature of the brick 
S = the mean specific heat between ft, and h. 
Using Kiln 5, test A, as an example: 
H = W-(t—t)-S b = 
S = 0.26 


W = 448,427 Ibs. 


tr = 90°F 


then H = 448,427 & 2070 X 0.26 
The total heat content of the coal fired = 1,451,000,000 B.t.u. 


1 E. Heyn, “Thermal Conductivity of Refractory Building Materials,’ Mitteilungen 
a. d. kgl., Materialpriifungsamt, 32, 185 (1914). 


241,000,000 B.t.u. 


2160°F 
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241,000,000 
1,451,000,000 
temperature of the brick. 
Heat Used to Saggers, or protective boxing, were used in only 
Rites tie Diiniten, of the kilns tested, that one burning magnesite 
p ‘ 
ture of the Saggers brick. They are made necessary by the fact that 
the magnesite brick have not sufficient physical 
strength to bear the load of setting one on top of the other. In the kiln 
in question the ratio of ware burned to protective boxing was one magnesite 
brick to two and one-half silica bricks. The silica brick used were second 
quality brick from a silica brick plant operated by the same company. 

The quantity of heat’ required to raise the temperature of the saggers 
from initial to final temperature was calculated from, (a) the total weight 
of saggers in the kiln, (b) the rise in temperature above the initial tempera- 
ture, and (c) the corresponding mean specific heat. 

(a) The total weight of saggers in the kiln was obtained from the setting 
record. 

(b) The rise in temperature above the initial temperature is the same 
as that of the ware. 

(c) The mean specific heat was obtained in the manner previously out- 
lined. 

The formula used for the computation is: 

H = W-(t—t)-S 
where H = the heat used to raise the temp. of the saggers, in B.t.u. 

W = total weight of saggers in pounds 

ty initial temp. of saggers in degrees Fahrenheit 

tt = final temp. of saggers in degrees Fahrenheit 

S = mean sp. ht. of the saggers between ¢, and te. 
Heat Used to The quantity of heat required to evaporate the 
Evaporate Moisture moisture from brick in kilns is a function of (a) 
eee the Vike the weight of moisture present in the brick as 

they were set and (b) the temperature at which 

the moisture left the kiln. 

(a) The weight of mechanical water present in the brick as they were 
placed in the kiln was determined from the total weight and average 
moisture content of the ware set. The average percentage of moisture 
in the green ware was estimated by weighing ten pieces taken during the 
setting in order to obtain a fair average and drying to a constant weight at 
212° to 230°F. 

(b) The progress of water-smoking was followed by observing the change 
in weight of a brick at the bottom of the setting suspended from a sensi- 
tive balance on top of the crown by an alloy wire. ‘The average tempera- 
ture of the gases leaving the kiln at the stack from the beginning of the 


X 100 = 16.6% of the total heat input used to raise the 
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burn until the weight of the suspended brick became constant was assumed 
to be the mean temperature of the moisture evaporated from the ware. 

The total heat content of one pound of water at the mean temperature 
of water-smoking was computed from Pier’s formula: 
h = 1058.68 + 0.44701t + 0.000,0154122 — 0.000,000,000,2432¢3 + 1.9 
where /h represents the total heat of steam in B.t.u. per pound from 32°F 
and ¢ represents the temperature in degrees Fahrenheit. 
The heat used to evaporate one pound of water is equal to h—(t,;—32). 
i; is the initial temperature of the ware. 

The heat used to evaporate the moisture from the brick is then computed 
from the formula: 

H = W-(h—-(t,—32)] 


the heat used to evaporate the moisture from the brick 


II 


in which H 


W = weight of mechanical water. 
For example, Kiln 5, test A: t = 170°F 
Weight of green ware = 474,270 pounds t; = 90°F 
Moisture content = 3.827 h = 1135 B.t.u. 
W = 474,270 X 0.0382 = 18,117 Ibs. h—(t;-—32) = 1077 
H = 18,117 X 1077 = 19,512,009 B.t.u. 
Heat content of coal fired = 1,451,000,000 B.t.u. 


20,000,000 
|451.000.000 X 100 = 1.4% of total heat input used to evaporate mois- 
ytol, 


ture. 

H ‘ The loss of heat due to the removal of unburned 
carbonaceous material with the ash and refuse 

Combustible 

a tat is computed by taking the product of the per- 


centage of combustible in the ash and refuse, as 
determined by laboratory analysis, the total weight of ash and refuse 
removed, and the calorific value of the combustible, which is assumed 
to be pure carbon with a calorific value of 14,540 B.t.u. per pound. 

H = 14,570 X 0.289 X 14,540 = 61,224,014 B.t.u. 
where H = heat in combustible in ash 
Weight of ash and refuse removed = 14,570 Ibs. 
Combustible in ash and refuse = 28.9% 


— 00 = 4.2% of total heat content of coal fired removed 


as combustible in ash and refuse. 
Carbon monoxide was the only combustible gas 


; , determined in the flue gases. Owing to the large 
combustion chamber afforded by the kiln and to 
Flue Gases 


the mixing and catalytic action of the hot ware 
during high-fire the amount of combustible gas in the flue gases is small 


61,000,000 

1,000, 
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and is composed almost entirely of carbon monoxide. The quantity of 
heat lost due to the escape of carbon monoxide at the stack is computed 
from the formula: 


H = a x W X C X 10,150 
CO, + CO 
where H = heat loss due to combustible in flue gases 
CO = volume percentage of carbon monoxide in flue gas 
CO, = volume percentage of carbon dioxide in flue gas 
W = weight of coal fired 
C = pounds of carbon in flue gas per pound of coal 


10,150 = B.t.u. difference in the amount of heat evolved in the com- 
bustion of one pound of carbon to carbon monoxide and to carbon 


dioxide. 

————.— = the proportion by weight of carbon present in carbon 
CO, + CO 
monoxide. 


The loss was computed by taking a summation of computations for short 
periods in order to minimize the error introduced by the large change in 
the mass of flue gas per pound of carbon burned from the beginning to the 
end of the burn. A specimen computation for the fifth 24-hour interval 
on Kiln 5, test A, follows: 


CO, = 12.9% W = 19,469 pounds 
CO =10 & C = 0.615 
1.0 
H = 20 X 19,469 X 0.615 X 10,150 = $8,743,192 B.t.u. 
ek 


The sum of the combustible gas losses for the whole test is 77,000,000 
B.t.u. 
77,000,000 
1,450,006 )0,000 
in unburned combustible gas. 


100 = 5.3% of the heat supplied in the coal lost 


The largest amount of heat lost in burning ware 


Heat in Dry 


in periodic kilns is that which is carried away 
Flue Gases 


as sensible heat in the dry flue gases. The actual 
amount of heat thus lost is a function of the mass and temperature of the 
gases leaving the kiln at the stack. The mass of gases was computed 
from the amount of coal burned and the hourly analyses of continuous 
gas samples drawn through a water-cooled tube from the base of the stack. 
The temperature of the gases was measured in the stack at the point of 
sampling. ‘The computation of the loss is from the formula: 

H = 

where H = the sensible heat in the dry flue gas 


M = the mass of flue gas 
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mean specific heat between and 
= temperature of air entering furnaces 

tz = temperature of gas at stack 
The mass of dry flue gas, M, is equal to the weight of carbon burned X 
the weight of dry gas per pound of carbon. The weight of carbon burned 
= (weight of coal X carbon content) — (weight of ash and refuse X com- 


bustible content). 
E. g., Kiln 5, test A: 
Weight of coal 124,006 Ibs. 
Carbon content of coal 64.9% 
Weight of ash and refuse = 14,570 Ibs. 
Weight of carbon burned = (124,006 X 0.649) — (14,570 X 0.289) = 76,271 
pounds, and = ap; = 0.615 pounds of carbon burned per pound of coal. 
The weight of dry gas per pound of carbon is obtained from the formula: 
44CO, + 3202 + 28(CO + No) 
12(COz + CO) 
the volumetric percentages of carbon dioxide, oxygen, carbon monoxide, 
and nitrogen, respectively, in the flue gas and 44 is the molecular weight of 
carbon dioxide, 32 that of oxygen, 28 that of carbon monoxide and nitrogen, 
and 12 the atomic weight of carbon. 
The values used for the mean specific heats of the gases were: 


il 


,in which COs, O2., CO and Nz represent 


Temperature, Mean specific heat between 

°F 32°F and (°F 
200 0.240 
400 0.242 
600 0.245 
800 0.247 

1000 0.250 

1500 0.256 

2000 0.262 


These were computed, for average samples of flue gases from coal burning 
kilns, from Pier’s formulae.' 

To allow for the change in the rate of gas flow during the firing of a 
kiln the sensible heat in the dry gas was computed for short intervals and 
the results added to obtain the total loss for each test. 

E. g., Kiln 5, test A, fifth 24-hour interval: 
Weight of carbon = 11,973 
Pounds of flue gas per pound of carbon = 18.9 
Mean specific heat = 0.244 
ty = 79°F 
te = 607°F 
11,973 XK 18.9 X 0.244 & 528 = 29,153,355 B.t.u. 


' Hiitte, ‘‘Des Ingenieurs Taschenbuch,”’ 1, 484-6. 


| 


| 
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The sum of the loss due to the sensible heat in the dry flue gas for test 5A 
280,000,000 
1,451,000,000 

There is an unavoidable loss of heat in the water 
vapor present as moisture in the coal and formed 
by the combustion of the hydrogen content. 
The amount of heat carried away by the moisture 
is computed from the formula: 

H = W:[h,—(t—32)] 
in which H = total heat lost 


was 280,000,000 B.t.u. or X 100 = 19.3%. 
Heat in Water 
Vapor in the Flue 
Gases Formed 
from the Coal 


W = weight of water vapor 

t = mean temperature of flue gas 

t; = mean air temperature 

h, = total heat of steam at temperature ‘‘?” 


The weight of water vapor per pound of coal is nine times weight of 
hydrogen in one pound of coal. This is based on the assumption that the 
total hydrogen content of the coal is present in the form of water or 
combines with oxygen upon burning to form water Vapor. 

The total heat of steam above 32°F is computed from Pier’s formula 
previously stated. 

The value of H for an entire burn is the summation of H; computed for 
short intervals in order to eliminate error due to widely varying rates of 
combustion during the burn. 

Specimen computation, Kiln 5, test A, fifth 24-hour interval: 
5.38% hydrogen in coal as received 
9 X 0.053 = 0.477 pounds of water vapor from one pound of coal 


W = 9287 pounds h, = 1335 B.t.u. per pound 
t = 607°F h,—(t;—32) = 1288 B.t.u. per pound 
ty = 79°F 


H, = 1288 X 9287 = 11,961,656 B.t.u. 
For test 5A the total loss of heat in water vapor in the flue gases formed 
88,000,000 
100 = 6.1%. 
1 451,000,000 

The heat used to raise the temperature of the 
masonry of the walls and crown of the kiln is a 
function of the weight of the masonry, its increase 
in temperature during the burn, and its specific 
heat. 

The weight of the masonry was estimated from 


from the coal was 88,000,000 B.t.u. or 


Heat Used to 

Raise the Tempera- 
ture of the Walls 
and Crown of 

the Kiln 


kiln drawings and from measurement of the kilns. The heat used to raise 
the temperature of the walls, includes the heat used to raise the tempera- 
ture of the bag-walls and wickets. 


| 

| 

| 
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The initial temperature of the masonry was assumed to be the same as 
the air temperature. ‘The final temperature was computed from readings 
of a number of thermocouples inside the kiln, imbedded between courses 
of the masonry at different heights and on the surface. Figure 1 shows 
how thermocouples were placed in the wall of Kiln 5. 

The amount of heat used to raise the temperature of the masonry is 
computed from the formula: 


H 


where H = heat used to raise the temperature of the masonry 
W = the weight of the masonry 
i, = the initial temperature of the masonry 
tz = the final temperature of the masonry 
the mean specific heat between and 


Using Kiln 5, test A, as an example: 
1. Heat used to raise the temperature of the walls: 
(1) Walls: 
W = 313,750 lbs. = 956°F 
=90°F ° = 0.22 
H = 313,750 X 866 X 0.22 = 59,775,650 B.t.u. 
Heat used to raise the temperature of the wickets = 3,029,963 B.t.u. 
Heat used to raise the temperature of the bag-walls = 17,155,125 B.t.u. 


79,960,738 B.t.u. 


to 


Total heat to raise the temperature of the walls 
80,000,000 


or 
1,451,000,000 


= 5.5% of heat input. 


In a furnace which is in continuous uniform 
operation there is established a condition of prac- 
tically constant rate of heat flow through the 
walls. It is then possible to compute the quantity 
of heat which is conducted through the walls 
from the formula: 


Heat Lost by 
Radiation and 
Convection from 
the Walls and 
Crown of the Kiln 


where H is the quantity of heat conducted per unit of area per unit of time, 
K is the conductivity of the material, d is the distance between the two 
points in the wall whose temperatures are tf; and f. However, the formula 
cannot well be applied to the periodic kiln because it is not until the very 
end of the burn, if at all, that a condition of thermal equilibrium is reached. 
Starting with a cold kiln it is obvious that such a calculation would include 
some heat which does not at once leave the furnace walls but remains 
stored in them until the end of the burn. Further, up to the present time, 
it has been impossible to obtain values of K for the materials used in the 
construction of the kilns tested. 


—— 
K, 
H = 
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Since the heat lost through the walls could not be computed from the 
conductivity formula with the available data, separate formulae were 
employed for estimating the quantity of heat which was lost from the 
surfaces by radiation and convection. 

The heat lost by radiation from the exposed surfaces of the kilns was 
computed from the average mean surface temperatures and the tempera- 
ture of the surrounding objects receiving radiation, during short intervals. 
The loss was computed for short intervals on account of changing conditions 
as the burn progressed. - The walls, wickets, and crowns, having different 
surface temperatures, were computed separately. 

Copper-constantan thermocouples were connected to thin copper plates 
cemented to the kiln masonry at representative points. The temperatures 
of the plates were taken as the tem- cars 


peratures of the radiating surfaces. 
No attempt was made to estimate 
the large amount of heat radiated ag 
from the furnace openings. j os v 
The measurement of the tempera- | 
ture of all objects receiving heat 
from the kilns by radiation being nee” # 
impossible, it was assumed that all 
the surrounding objects were at air me 
temperature. Some error was prob- * 
ably introduced by this assumption, 
it being unlikely that all the sur- <> i 
roundings were at the temperature | | 
of the air. A further source of error | 
lies in the fact that at the begin- OLE. TS ee, 
ning of a burn a kiln may receive Pag iF | 


\ 


some radiated heat from the sun or 
from adjacent hot kilns. 

However, an idea of the magni- 
tude of the heat losses from a periodic kiln by radiation and convection 
may be gained from computation based on Stefan’s law. As stated by 
Langmuir,' Stefan’s law is: 


Fic. 1.—Section through kiln wall. 


Energy lost by radiation = F-a-(t.*—1?,*) 
where FE = emissivity constant 
a = coefficient of total radiation 
t, = temperature of surroundings (Absolute, deg. Cent.). 
tf = temperature of radiating body (Absolute, deg. Cent.). 


1 Irving Langmuir, ‘“‘Convection and Radiation of Heat,’ American Electro- 
Chemical Society, April, 1913. 
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The emissivity constant, E, was assumed to be 0.90, that is, the kiln 
masonry emitted and absorbed 90°% of black body radiation. 

The value of the coefficient of total radiation' was taken as a = 5.7 X 
10-" watt cm.~? deg.~*. The factor 10~'* can be eliminated by sub- 
and fort; and f. Then substituting Fahrenheit tem- 
peratures and converting energy units to heat units: 


1543 | (4 + 460)*} 
— 
, 1000 1000 


stituting 


H 


B.t.u. per square foot 


per hour. 
where H heat lost by radiation per unit surface per unit time 
i; = air temperature in degrees Fahrenheit 
tj = temperature of kiln surfaces in degrees Fahrenheit 
Taking for an example the radiation from the walls of Kiln 5 during the 
fifth 24-hour interval, from the 97th to the 120th hour, inclusive, test A: 


tf; = 79°F 

tt = 105°F 

H = 1543 X 0.0175 = 27 B.t.u. per sq. ft. per hour. 
Area of walls = 1005 sq. ft. 

Time = 24 hours 


27 X 1005 X 24 = 651,240 B.t.u. lost by radiation from the walls 
during the interval. 

The summation of similar calculations covering the entire test gives 
7,000,000 B.t.u. lost from the walls, not including the wickets. 

The quantity of heat lost by convection from the exposed surfaces was 
computed from the surface temperatures and the temperature of the 
surrounding air. 

The formula used was from Langmuir: 

Energy lost due to convection = 0.000203(t—t,)"* watts cm.~? 
where ?, and ¢ represent respectively the temperature of the air and the 
temperature of the hot surface, in degrees Centigrade. Substituting 
Fahrenheit temperatures and converting energy units to heat units the 
formula becomes: 

H = 0.309(t~—t)* B.t.u. per square foot per hour. 

The convection losses were computed for the same short intervals as 
were the radiation losses. The following specimen computation of con- 
vection loss from the walls is for the fifth 24-hour interval, Kiln 5, test A: 


t,; = 79°F 
le = 105°F 
—-h = 26°F 


iW. W. Coblentz, “Constants of Spectral Radiation of a Uniformly Heated In- 
closure or So-called Black Body, II,” Bur. Stand., Sci. Paper 284. 
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H = 0.309 X 25° = 0.309 X 58.711 = 18 B.t.u. per sq. ft. 
per hour. 

Area of walls = 1005 square feet. 

Time = 24 hours 

18 X 1005 K 24=434,160 B.t.u. lost by convection from the walls 
during the interval. The summation of calculated convection losses from 
the walls for the entire test gives 5,000,000 B.t.u. 

No effort was made to make a correction for wind blowing over the 
kilns during the tests, so that the computed convection losses are probably 
lower than the actual convection losses. Also, no consideration was given 
to the shape of the kilns, which, no doubt, would make some difference in 
the magnitude of the losses. 

The combined radiation and convection loss can be represented by com- 
bining the two formulae: 


H = 1543 | (2 +.460)* _ (4 + 460) 
1000 1000 


square foot per hour. 

For Kiln 5, test A, the combined radiation and convection loss from the 
walls and wickets was 1.0% and from the crown 4.4%. 

The gases leaving a kiln give up a part of their 
heat content to the flues between the floor of the 
kiln and the base of the stack. The quantity of 
between Bottom 

. heat thus transferred from the hot gases to the 
of Kiln and Stack : 
masonry of the flues and foundations can be calcu- 
lated. It is the difference between the heat content of the gases passing 
through the bottom of the kiln and the heat content of the gases entering 
the base of the stack. 

The mass of gas passing through the bottom of the kiln was assumed in 
these calculations to be the same as at the base of the stack. The tem- 
perature at the floor was measured with platinum-platinum rhodium 
thermocouples. The sensible heat in the dry gases and the heat in the 
water vapor in the gases formed from the coal were computed for their 
temperature as they passed through the kiln floor. The computations 
were made by intervals in the same manner as the losses at the stack 


| + (0.309 B.t.u. per 


Heat Given 
Up by Gases 


were computed. 
For example, Kiln 5, test A: 


At bottom: Heat in dry gases 423,000,000 B.t.u. 
Heat in water vapor formed from coal 101,000,000 B.t.u. 
Total 524,000,000 B.tau. 
At stack: Heat in dry gases 280,000,000 B.t.u. 
Heat in water vapor formed from coal _88,000,000 B.t.u. 


Total 368,000,000 B.t.u. 


| 
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Heat given up by gases between bottom of kiln and 
stack = 156,000,000 B.t.u. 
156,000,000 


Expressed in per cent of total heat input = ——————_ X 100 = 10.7% 
1,451,000,000 
The difference between the total heat input and 
Unaccounted 
the sum of the computed losses is the unaccounted 
for Losses 


for loss. On Kiln 5, test A, the total heat input 
was 1,451,000,000 B.t.u. and the sum of the computed losses 1,112,000,000 
B.t.u., a difference of 339,000,000 B.t.u., or 23.4% of the heat input un- 
accounted for. 

The total heat content of the coal fired is the 
product of the weight of the coal fired and the 
calorific value of unit weight as determined by 


Total Heat 
in Coal Fired 


analysis of a representative sample. 

Each load of coal delivered to a kiln was sampled and the 500 to 1000- 
pound sample which accumulated was crushed, mixed, and quartered 
until a two-pound sample remained for analysis. The samples were sub- 
mitted to the Bureau of Mines laboratories for analysis. 

Example, Kiln 5, test A: 
Weight of coal = 124,006 pounds 
Calorific value, as received = 11,700 B.t.u. 
Total heat content = 124,006 * 11,700 = 1,450,870,200 B.t.u. 


Discussion of Results 


Table I gives the heat accounts in per cent of the total heat content of 
the coal fired for two burns on each of seven kilns burning refractory ware. 
In the refractories kilns the percentage of the 


Heat Used to 
total heat input used to raise the temperature of 


the brick varied from 13.2 to 27.7, except in the 
Temperature of kiln burning magnesite brick where approximately 


7% of the heat input was used to raise the tem- 
perature of the brick. However, including the 10 to 11% of the total 
heat input which was used to raise the temperature of the saggers in this 
kiln, the total percentage of the heat input which was used to raise the 
temperature of the setting was 17 to 1S. 

In the kiln burning silica brick 13.2 and 14.2% of the heat input was used 
to raise the temperature of the brick on two burns. 

In five kilns burning fire-clay brick the heat used to raise the temperature 
of the brick varied from 15.7 to 27.7%. ‘The highest percentages of heat 
used to raise the temperature of the brick were in Kiln 6, where two 
tests gave results of 26.3 and 27.7%. Kiln 6 was a comparatively small 
kiln with exceptionally large flues which facilitated its control. In addi- 
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tion, the coal used had a high calorific value, its ash content was low, and 
there was a minimum of clinker formation. Results published by Navias' 
indicate that the quantity of heat required to burn clay ware is much 
greater than the thermal capacity of the burned brick. ‘To make accurate 
heat accounts would, therefore, require determinations of the calorific 
values of each of the clays burned. If the figure 0.5 cal. per gram per 
degree C be assumed as the amount of heat required to burn the clay in 
Kiln 5 for example, the heat used to burn the brick becomes 32.0% for 
test A and 41.1% for test B. 

Table II shows (1) the percentage of the total heat input required to burn 
the ware, using Navias’ value, (2) the total percentage of heat accounted 
for when Navias’ values are substituted for specific heat. 


TABLE II 
Heat used 

to burn Total heat 

Kiln No. Test the brick account for 
3 A 37.4 110.1 
B 31.0 100.5 
4 A 31.7 104.6 
B 33.0 99.6 
5 \ 32.0 92.0 
B 41.1 94.6 
6 A 50.4 111.5 
B 52.5 111.6 
7 A 45.5 103.0 
B 42.4 90.8 


The item—‘‘heat used to raise the temperature of the brick’’"—may be 
termed ‘‘the heat stored up in the setting.”” Considering it as heat stored 
it becomes evident that in cooling the kiln a large part of this heat may be 
regained and diverted to other uses, thereby effecting a considerable econ- 
omy in plant operation. The most apparent methods of using the heat 
stored in the ware are: (1) operation of driers, (2) generation of steam in 
waste-heat boilers, and (3) preheating air for combustion, as is done in 
continuous chamber kilns. 

Heat Used to Where a protective boxing is necessary for the 
protection of the ware which is being burned in a 


kiln, the material used for the protective boxing 
Temperature of é 
is heated to the same temperature as is the ware; 
the Saggers 


a portion of the heat input is used to raise the 
temperature of the protective boxing. 

For practical purposes the mean specific heat of the saggers and ware 
may be assumed to be the same; then, since both receive the same heat 


1 Jour. Amer. Ceram. Soc., 6 [12], 1268 (1923). 
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treatment, the ratio of the heat used to raise the temperature of the saggers 
to the heat used to raise the temperature of the ware is equal to the ratio 
of the weight of the saggers to the weight of the ware. Therefore, in the 
same kiln, the output of ware per unit weight of coal is greatest when the 
smallest possible mass of saggers is used. An additional advantage gained 
by reducing the ratio of saggers to ware is the increased production per 
kiln. 

In Kiln 1 a protective boxing was used. The ratio of the weight of 
protective boxing to the weight of ware burned was about 3 to 2 and the 
heat used to raise their temperature was in approximatély the same ratio. 

In Kilns 1 and 2, burning magnesite and silica 
brick respectively, the ware was so dry when set 
in the kilns that less than '/;) of 1% of the heat 
input was required for the evaporation of the 


Heat Used to 
Evaporate Moisture 
from the Brick 


mechanical water. 

In five kilns burning fire-clay brick the heat used to evaporate moisture 
varied from 0.4 to 3.5%. The results of these investigations indicate that 
with proper drier operation in the plant the removal of moisture from the 
ware in the kilns should not require more than 1% of the total heat 
input. The operation of driers was not included in the investigations. 

No attempt has been made to estimate the quantity of heat required to 
remove the chemically combined water, owing to the lack of analyses and 
data on which to base computations. 

Kiln Efficiency The sum of the heat used to raise the tempera- 

ture of the brick and the heat used to evaporate 
moisture from the brick may be used as an indication of the thermal 
efficiency of the kiln and furnaces. Kiln efficiencies obtained during the 
fourteen tests vary from 13.2 to 29.7%. 

The efficiencies indicated by the tests on Kilns 1 and 2, burning magnesite 
and silica brick, are lower than those of the kilns burning fire-clay brick. 
It has been observed that the thermal efficiency of periodic kilns decreases 
as the ware is burned to higher temperatures. The efficiencies shown by 
the first two kilns are: test 1A, 17.5%; test 1B, 18.5°%; test 2A, 14.2%; 
test 2B, 13.2%. 

In these two kilns the brick were burned to approximately the same 
temperature. Several explanations may be offered for the higher effi- 
ciency of Kiln 1. 

1. The thermal capacity of the magnesite brick burned in Kiln 1 is 
somewhat higher than that of the silica brick burned in Kiln 2. 

2. The ware was not set as close in Kiln 1 as in Kiln 2. In general, 
the more accessible the surfaces of the ware are to hot gases and radiation 
from luminous flame and hot furnace walls the more readily will heat 
be transmitted to the surfaces of the ware. 
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3. The necessity of retarding the temperature rise in Kiln 2 to allow 
time for volume changes to take place in the silica brick undoubtedly 
lowered the efficiency of the kiln operation. 

4. Kiln 1 was of better design and construction than Kiln 2, especially 
in the design of the furnaces and flues. 

Kilns 3 and 4 are not comparable to any of the other kilns tested, owing 
to radical differences in design. Kiln 3 was a small round kiln, was 
originally an up-draft kiln and had been rebuilt to operate down-draft. 
Kiln 4 was a rectangular down-draft kiln of the ‘‘Newcastle”’ type, having 
a single flue across the bottom. Both of these gave lower efficiencies than 
other kilns burning fire-clay brick. Test 3A showed 22.9% efficiency; 
test 3B, 18.9%; test 4A, 16.9%; test 4B, 17.7%. 

Kilns 5,6 and7 were all round, down-draft kilns burning fire-clay brick. 
Test 5A gave 18.0% efficiency; test 5B, 25.2%; test 6A, 28.3%; test 6B, 
29.7%; test 7A, 25.0%; test 7B, 23.0%. 

The increase of 7.2% in the efficiency of Kiln 5, in test B over test A, 
was due to improvements in setting and burning on test B, which ma- 
terially decreased the burning time. During the water-smoking period 
on test B an induced draft fan was used in the stack which reduced the 
water-smoking period from 96 to 34 hours. 

The high efficiency of Kiln 6 was due to the good construction of the 
flues and to the use of exceptionally high grade coal. 

A fairly close approximation of kiln and furnace thermal efficiency may 
be easily made by any operator. The essentials are: 

The calorific value of the coal. 

A record of the weight of the coal used for firing the kiln. 

The moisture content of the ware. 

A setting record of the kiln. 

A means of determining when water-smoking has been completed. 
6. Means of measuring stack gas temperature. 

7. Means of measuring temperature of ware. 


Since the heat used to evaporate the moisture represents only a small 
part of the thermal efficiency, it may be disregarded, and a good idea of the 
efficiency had by determining only the percentage of heat used to raise 
the temperature of the ware. For comparative purposes the following 
formula may be used: 
W te—t) X.26 
Thermal efficiency of furnace and kiln = 100 

burned weight of setting, in pounds 


where Wz 


th = initial temperature of ware, degrees F 
to = final temperature of ware, degrees F 
0.26 = average value of mean specific heat of fire-clay brick in 


range (t—t,) 


| 
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W,. = weight of coal fired 
C = calorific value of coal, as received, in B.t.u. per Ib. 

The results of the last six tests indicate that efficiencies of over 20% 
are to be expected in the normal operation of round, down-draft kilns 
burning fire-clay refractories, with higher efficiencies attainable by careful 
and intelligent manipulation of the fires. 

In burning periodic kilns comparatively high efficiency can be reached 
and maintained by supervision of the firing based on the study of tempera- 
ture and draft measurements. It is suggested that with a thermometer, 
a pyrometer and a draft gage the operator can make a survey of his own 
burning conditions which will be found to be both interesting and profitable. 
Using charts, on which temperature and draft are plotted against time, in 
conjunction with records of the quality of ware produced and the quantity 
of coal consumed, faults in the existing burning schedule can be found and 
corrected. 

The use of some type of nitrogen filled mercury thermometer is advised 
for studying kiln conditions during water-smoking, since the low tempera- 
tures of the water-smoking period are not easily read with accuracy on the 
charts of the high range pyrometers usually installed in kilns. The water- 
smoking thermometer may with advantage be placed in the lower part 
of the setting and withdrawn when a temperature of from 600° to 700°F 
is reached. 

A pyrometer permanently placed inside the crown and as near the top 
as possible will give good data from which to prepare burning schedules. 
It has been found that pyrometers installed lower on the crown show tem- 
peratures too high and irregular, due to impinging flames. 

The draft gage should be connected to the base of the stack. A con- 
nection to the bottom of the kiln is also desirable. 

For every kiln using coal as fuel a part of the 


in 
ees , total heat input is lost due to the removal of some 
Combustible 
bn et combustible material with the ash and refuse. 


For the several kilns tested this loss varied from 
3.6 to 10.0%. 

In the case of the kilns for which the loss due to the removal of com- 
bustible with the ash was exceptionally large the coal as received con- 
tained a large proportion of fine material or was friable and broke up badly 
when handled and fired, so that the excess loss was traceable to the loss 
of fine coal through the grate bars during firing rather than to the removal 
of combustible from the furnaces during cleaning. 

It is possible to reduce the amount of heat lost due to combustible matter 
in ash and refuse by careful manipulation of the fires, but since the heating 
up of the kiln would be retarded if the fires were allowed to burn out before 
the removal of the ash, the loss cannot be reduced to zero. 
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The fourteen tests showed carbon monoxide losses 


dion in varying from 0.0 to 5.37%. With the exception 
Flue Gases of test 5A no kiln showed a loss of over 3% and 


in most cases the loss is under 1%. It has been 
shown by the investigation of the process of combustion in kilns that the 
gaseous products arising from the fuel beds are burned in the kiln almost 
immediately upon the admission of secondary air. Carbon monoxide 
passes through the kiln unburned only when no air is admitted above the 
fuel bed for its combustion. This condition is generally found in the first 
few minutes after firing when the firing openings are completely filled with 
coal. A careful fireman may reduce or eliminate this loss by leaving holes 
at the firing opening for some few minutes after firing, which procedure 
will also reduce the smoke evil. 

Judgment should be exercised in making this attempt to reduce the 
carbon monoxide loss for if the openings are not closed within a short time 
after firing a greater loss will be introduced because of the admission of a 
large excess of air than was eliminated by the prevention of a deficiency 
of the air supply. Furthermore, if the reducing conditions are desired to 
bring out the color of the brick it must be paid for by this heat loss in the 
unburned carbon monoxide. 

The loss due to the escape of combustible gas at the stack should not 
exceed 1% if the fires are properly handled, and, unless there are 
radical faults in the kiln construction, the method of setting the ware, or 
both, it need not exceed '/: of 1%. 

The largest single heat loss from periodic kilns 
is in the heat carried away by the dry flue gases, 
which, as has been explained, is a function of the 
mass of the gases per pound of coal fired and the temperature of the gases. 
Unless a regenerative system is used the temperature of the gases leaving 
the kiln must always be higher than that of the ware. The principal 
control of this loss must be, therefore, the control of the mass of gases 
per pound of coal or the excess air. The only definite method of determin- 
ing the weight of the gases and the excess air is by means of analysis of the 
gases. Although the burning of kilns is rarely controlled by gas analysis 
it has been found, in general, that the ordinary plant practice maintained 
a reasonably low excess air, at least after the water-smoking period. 
This was accomplished without control apparatus because the flame tem- 
perature necessary to burn the ware cannot be attained with a low excess 
air. 

The percentage of the heat input lost as sensible heat in dry flue gas 
varied between 18.3 and 44.6% for the seven kilns tested. 

The highest flue gas losses occurred in the kilns burning ware to the high- 
est temperatures, 7. ¢., the magnesite and silica brick kilns, which showed 


Heat in Dry 
Flue Gases 
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losses of from 30 to 45%. Approximately 20% of the heat input in the 
round down-draft kilns burning fire-clay brick was lost as sensible heat 
in the dry flue gases. It is this sensible heat in the dry flue gases which is 
most easily available for further use, such as the generation of steam in 
waste-heat boilers, operation of driers, and water-smoking other kilns. 
The economy accomplished by continuous chamber kilns is largely due to 
the use of the hot products of combustion for water-smoking and heating 
the ware in chambers ahead of those being fired. 

The quantity of heat lost in the water vapor 
in the flue gases formed from the coal is a function 
of two elements which are more or less the same in 
all kilns: (1) the hydrogen content of the coal, and 
(2) the temperature of the gases leaving the kiln. 

The hydrogen content of the coal as shown by the ultimate analysis 
includes the hydrogen of the moisture in the coal and the hydrogen of the 
volatile combustible matter. Therefore, the loss may be reduced by 
avoiding the use of wet coal. It is scarcely necessary to add that the 
advantages of a high volatile coal are greater than the disadvantage of the 
increased loss in the heat in water vapor formed. 

As would be expected, the percentage of heat loss from this source does 
not vary greatly For the fourteen tests on refractories kilns the highest loss 


Heat in Water 
Vapor in the Flue 
Gases Formed 
from the Coal 


of heat in water vapor formed from the coal was 6.9°) and the lowest loss 
was 4.7%. Reference to sixteen other tests shows this loss varying be- 
tween the rather narrow limits of from 5 to 7%. 

It should be noted that this loss does not accompany the combustion 
of coal only, but is encountered with practically all fuels. With natural 
gas it amounts to 11 to 14%; with fuel oil it is approximately 7%. 

Expressed in thermal units the quantity of heat 
which is used to raise the temperature of the kiln 


Heat Used to 
Raise the Tem- 


masonry is proportional to the mass of masonry 
perature of the 


A and its temperature. However, when expressed 
f the Kiln as percentage of the total heat input the figure 
" is also effected by the ratio of the mass of the kiln 
masonry to the mass of ware burned. Kilns 1 and 2 were large kilns and 
the ratio of the mass of masonry to the mass of setting was small, so that, 
although the masonry was heated to higher temperatures than the masonry 
of the kilns in which fire-clay brick were burned, yet the percentage of 
the heat input used to raise the temperature of the walls and crown was 
comparatively low. Kiln 3 was an exceptionally small kiln having thick 
walls and a double crown; the ratio of the mass of masonry to the mass of 
ware set was high and the percentage of heat used to raise the tempera- 
ture of the masonry was correspondingly high. 
The percentage of the heat input used to raise the temperature of the 
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crown did not vary greatly for different kilns, since all the crowns had 
about the same ratio to the mass of ware set. The volume of the crowns 
was small in comparison with the volume of the walls, but the percentages 
of the heat input used to raise the temperature of the crowns did not vary 
directly with the ratio of the mass of the crown to the mass of the walls 
because the temperature of the crown was always higher than that of the 


walls. 


Heat Lost by 
Radiation and 
Convection from 
the Walls and 
Crown of the Kiln 


It will be observed that in general the heat losses 
due to radiation and convection vary with the 
duration of the burn, but vary to a greater extent 
than the time. It has been shown} that during 
approximately the first one-third of a burn the 
heat which enters the walls is used almost entirely 
to raise their temperature and that but a small part of it reaches the sur- 
face to be lost by radiation and convection. Later, however when the 
walls have been heated up, the heat which enters at the inside surface is 
practically all conducted to the outside surface to be lost by radiation and 
convection. It was observed on the seven refractories kilns that no ex- 
posed masonry surface ever reached a temperature higher than 350°F. 
Therefore, the length of time during which radiation and convection occur 
is a more important factor in radiation and convection from kilns than the 
temperature, since the temperatures of the radiating surfaces are always 
comparatively low. 

On Kiln 1 the radiation and convection losses were lower for test B than 
for test A. The lengths of the two burns were the same; the temperature 
reached on the first burn was slightly higher than that reached on the 
second burn; a high soaking temperature was maintained on test A for a 
longer period than on test B. 

Kiln 2 was the only kiln for which there were higher radiation and con- 
vection losses on the second test than on the first test. The second burn 
was longer than the first; a higher temperature was reached on the second 
burn. 

On the remaining five kilns the radiation and convection losses were 
lower for the second burns because of shorter burning time. The losses 
from the walls were reduced somewhat by using 13'/s-inch and 18-inch 
doors where it was the plant practice to use 9-inch doors. 

In the losses by radiation and convection from the crowns it is of interest 
to note that the low loss from the crown of Kiln 3 was due to the fact that 
when the kiln was converted from an up-draft to a down-draft kiln, it was 
supplied with a double crown, the outer crown being separated from the 


1R. T. Stull and John Blizard, “The Burning Problems of Industrial Kilns.”’ 
Published by the joint Research Comm. of the four Heavy Clay Products Assns. in 
coéperation with the U. S. Bureau of Mines. 
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inner crown by a 3-foot air space. ‘The radiation and convection losses 
were computed from the outer crown. 

The crown of Kiln 7 was protected with a 2'/2-inch course of insulating 
brick so that while the quantity of heat used to raise the temperature of 
the crown was somewhat high, due to the higher temperature of the fire- 
brick under the insulation, the radiation and convection losses were lower 
than for larger uninsulated crowns. 

This item, as previously explained, is the differ- 
ence between the total heat in the gases at the 
ieatenen Ditton of bottom of the kiln, that is, the sum of the sensible 
Kiln and Stack heat in the dry gas and the heat in the moisture 

from the coal, and the total heat in the gases at 
the base of the stack. It is evident that this heat given up to the flue sys- 
tem serves no useful purpose except that if the gases did not give up this 
heat then more heat would be conducted from the hot” setting through the 
masonry of the kiln bottom. Since the latter loss is not calculated the un- 
accounted for item would be larger. 

The heat given up by the gases between the bottom of the kiln and the 
stack may, therefore, be added to the sensible heat in the dry flue gases, 
item 6, and the heat in the moisture formed from the coal, item 7, in order 
to obtain the total heat in the gases leaving the kiln. 

There is considerable variation in the magnitude of this item for two 
tests on the same kiln. This is probably due to the fact that the tempera- 
ture taken as the temperature of the gases leaving the bottom of the kiln 
was not representative. An accurate determination of the temperature 
of the gases at the bottom of the kiln would require a very extensive in- 
stallation of thermocouples, whereas the temperature of the gases in the 
stack may be measured quite accurately by means of one thermocouple. 

The twelve preceding items account for from 
70 to 93% of the heat input for the fourteen kilns 
tested. 

The known sources of loss which have not been computed are: 

1. Heat used to drive off chemically combined water in the ware. 
2. Heat used to bring about chemical changes in the ware. 

3. Heat used to heat moisture in the air used for combustion. 

4. Heat lost by leakage of hot gases from kiln. 

5. Heat loss due to rain falling on kiln and wind blowing over the kiln. 
6. Heat conducted through the ground. 


Heat Given 
Up by Gases 


Unaccounted 
for Losses 


Heat Distribution at Various Periods of Burn 
The heat accounts which have been presented cover the entire burn. 
It is obvious that because of changing conditions during the water-smoking, 
heating-up, oxidation, and soaking periods the heat fired into the kiln 
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would not be distributed in the same manner during these different 
periods. 

In order to learn how the distribution varied, heat accounts for tests 
A and B, Kiln 5, have been calculated for 24-hour periods. The results 
are given in Table III and are shown graphically in Fig.2. The items have 
been grouped together in the figure so as to form five items. 

The heat in the combustible in the ash could not be computed by periods 
and has thus been assumed to have been uniform during the entire burn. 

The heat delivered to the ware which includes the heat to evaporate 
the mechanical water and the sensible heat stored in the ware is seen to 
have been about 26% during the first 24 hours, and to have reached a 
maximum of about 43% during the third period. From then on it de- 
creased until during the last fourteen hours only '/: of 1% of the heat in the 
fuel fired was taken up by the ware. 

In the same manner the heat delivered to the masonry of the kiln de- 
creased as the burn progressed but not as markedly since the difference 


TABLE III 
Heat Accounts oF Tests 5A AND 5B By 24-HoUR PERIODS 
1 42 64 200 34 32 O07 1.1 43 00 0.2 06 55.9 100 
12 4.2 64 23.1 63 3.0 1.2 2.2 4.3 0.0 0.8 1.2 47.3 100 
13 4.2 64 363 95 43 41 30 44 09 06 1.4 24.9 100 
|4 42 64 329103 4.1 158 96 4.7 0.7 10 3.7 6.6 100 
5A 35 4.2 0.0 29.0 84 36 11.9 12.8 5.2 3.8 0.7 3.2 17.2 100 
6 42 0.0 123 68 07 17.8 152 58 83 0.7 3.6 246 100 
742 00 6.7 48 14 15.0 24.1 66 7.8 1.2 56 22.6 100 
18 42 00 24 45 04 69 32.0 7.6 80 1.5 6.4 26.1 100 
(9 42 00 05 23 03 43 40.0 80 29 23 7.8 27.4 100 
Aver- 
age 4214 16.6 5.5 2.1 10.7 19.3 6.1 5.3 1.0 4.4 23.4 100 
(1 4.2 99 259 6.1 39 1.1 3.1 44 00 0.1 0.2 41.1 100 
12 4.2 9.9! 36.2 90 53 3.5 8.1 48 1.6 0.1 1.1 16.2 100 
sp 13 4:2 0.0 20.7 78 33 48 120 55 27 03 43 34.4 100 
14 4.2 00 15.2 73106 13.3 18.7 63 1.7 06 5.8 16.3 100 
15 42 00 9.1 53 92 82 31.3 7.4 3.2 09 5.5 15.7 100 
(6 42 00 40 34 58 4.3 37.4 8.1 1.9 1.3 6.2 23.4 100 
Aver- 
age 4.2 16 23.6 7.3 2.8 6.7 18.3 6.1 2.1 0.5 4.0 22.8 100 


1 Water smoking complete at 34th hour. 
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between the temperature of the masonry and that of the gases was greater 
than the difference between the temperature of the ware and that of the 
gases. 

The total heat in the gases leaving the bottom of the kiln which in- 
cludes the sensible heat of the dry gases, the heat in the moisture in the 
gases, and the potential heat in the unburned gases is less than 10% 
during the first period but increases steadily during the burn until about 
55% of the heat in the fuel fired is leaving the kiln in the gases. 

The radiation and convection losses also increase as the burn progresses 
to a maximum of 10%. 

That portion of the graph unshaded represents the unaccounted for 
losses which are noticeably very large during the early part of the burn. 
One of the most apparent explanations of this fact is that during the water- 
smoking period before 
the current of hot gases 
is established through 
the kiln a large part of 
the hot gases may be 
blown away from and 
| not enter the kiln. 
= The remarks made 
concerning test A apply 
in general to test B also. 
This burn, however, 
was shorter than A by 
+4 77'/2 hours, a large part 
|] of this time being saved 

‘i smoking period from 96 

to 34 hours. In this 
way efficiency in the evaporation of the mechanical water was increased 
from 6.4 to 9.9% of the heat in the fuel fired during the water-smoking 
period. 

Although the heat lost in the gases leaving the kiln reaches a maximum 
comparable to that reached in test A, this high loss does not exist for so 
long a time and thus the average loss, as shown at the upper right, was 
about 10% less for test B than for test A. Similarly, the heat delivered 
to the ware was 7°% greater for test B than for test A. 

This chart shows clearly the advantage to be gained in the reduction 
of heat losses by shortening the time of the burn insofar as consistent with 
securing the proper quality of ware. A prolonged soaking period at the 
end of the burn is particularly undesirable for only a very small per cent 
of the heat is being efficiently used at this time. 
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Conclusion 


The foregoing presents a description of some methods of collecting data 
on the performance of ceramic kilns and an explanation of the formulae 
used in calculating heat accounts from the data. It is hoped that these 
methods may serve as a foundation for the formulation of a code for testing 
kilns in order that the efficiency of new kilns can be determined on a com- 
parative basis. 

With the knowledge that every manufacturer of ceramic wares has not 
facilities for conducting similar complete tests on his kilns, short methods 
of approximating kiln efficiency and the more important heat losses have 
been given which can be easily applied on any plant. 

The results presented cover several types and sizes of kilns and wares. 
They show with fair approximation the extent of the losses in these types 
of kilns. The value of these results lies principally in suggestions for the 
proper design of kilns. The heat losses in gases leaving the kiln and in 
heat used to raise the temperature of the kiln masonry point to economies 
to be expected in the different types of continuous kilns. 

Note: The heat accounts which are presented herewith are taken from data ob- 
tained during an investigation of refractories burning problems by the United States 
Bureau of Mines and the Refractories Manufacturers Association’s Committee to co- 
operate with the U. S. Bureau of Mines. 

The writers wish to express their appreciation to G. A. Bole, superintendent of the 
Columbus Station of the Bureau of Mines, who directed and supervised the tests; 
to John Blizard, fuel engineer of the Bureau of Mines, who formulated the methods herein 
described; to C. E. Augustine, fuel engineer of the Bureau of Mines for assistance ren- 
dered; to W. D. Richardson, consulting engineer to the Bureau of Mines, for helpful 
suggestions; to the officials and men of the plants at which the tests were conducted for 
their kind coéperation; and to R. F. Lunger, A. W. Whitford, A. H. Fessler, E. M. Rupp, 
Franklin Wentzel, Jr., and W. T. Askin, of the crew of the Bureau of Mines Laboratory 
Car ‘‘Holmes,”’ who assisted in collecting the data and computing the heat accounts. 


THE ELECTRICAL RESISTIVITY OF REFRACTORIES! 
By A. V. Henry? 
ABSTRACT 

The electrical resistivities of flint fire clay, kaolin, magnesite, sillimanite, silica, 
diaspore, Maryland, Italian and Indian tales were determined at temperatures up to 
1500°C. Tests were made in an atmosphere of nitrogen, by the Wheatstone bridge 
method, using 45-volt 1000 cycle alternating current. 

With the exception of magnesite, the rate of decrease of resistivity decreases with an 
increase in temperature. The investigation indicates that the resistivity of a complex 
ceramic body, especially if it is open and porous, is not constant for a given temperature 
above the temperature at which its most fusible mixture melts. Resistivity is affected 
by the amount of impurities present, decreasing with an increase of impurities. As was 
shown in the tests of Italian talc, the resistivity is not only dependent upon the amount 
of impurities, but also upon their distribution. Within the limits of the voltage used, 


the resistivity is independent of the potential applied. 


Introduction 


The use of electrical energy as a source of heat has become widespread. 
In 1913, 131% electric furnaces were in operation in the metallurgical in- 
dustry. ‘This figure had increased to 875‘ in 1920. Today, 670,000° h. p. 
is consumed in the United States alone in developing heat for industrial 
purposes. 

To meet the requirements of electric furnaces, it was necessary to de- 
velop special refractories whose properties include: 


1. Ability to stand temperatures up to 1750°C. 
2. Resistance to sudden temperature changes. 
3. Resistance to chemical action. 

4. Great mechanical strength. 

5. High electrical resistivity. 


The purpose of the following investigation is to determine the electrical 
resistivity of refractories, especially at high temperatures. 

All electric furnace refractories are conductors of the second class and 
are therefore highly resistant to the passage of electric current at low 
temperatures. However, at high temperatures they become quite good 
conductors and are often responsible for a considerable current leakage 


1 Published by Permission of the Director, Bureau of Mines. Presented at the 
Atlantic City Meeting, Feb., 1924. 

2 Fellow at Ohio State University working in coéperation with the Bureau of Mines. 

8’ Rodenhauser and Schoenawa, ‘‘Electric Furnaces in the Iron and Steel Industry,” 
p. 260. 
4 Robt. M. Keeney, ‘“‘The Present Status of the Electric Furnace,’”’ Chem. and Met. 
Eng., 980 (1920). 

5 B.S. Beech, ‘670,000 Horsepower of Electric Heat,’’ Industry Illustrated, p. 21, Oct. 


(1923). 
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between the electrodes of electric furnaces. In a test' conducted with a one- 
ton Stassano furnace operated at a voltage of 120, there was found to be 
a leakage of 300 amperes through the brickwork when the arc was inter- 
rupted. Efficient water cooling devices not only protect the electrodes 
but assist in keeping the electric leakage low by cooling the surrounding 
brickwork to a point where it is a poor conductor. 

Electric heating appliances are generally constructed with the heating 
element wound on a ceramic base. It is essential that the base be a 
poor conductor at the maximum temperature at which the appliance is 
operated, to prevent an electrical short circuit through the base. 

In some types of furnaces, refractories are used as resistors and as such 
are dependent on their ability to conduct electric current. The Baily? 
furnace is one of this type. It consists of a carborundum trough contain- 
ing a granular carbon resistor. When in operation, the carborundum 
trough becomes a fair conductor and acts as an auxiliary resistor thereby 
lowering the current density in the granular carbon and also producing a 
more uniform heat. 

The Nernst lamp is also dependent upon a ceramic mixture as a resistor. 
The electric filament consists of a mixture of magnesia and oxides of the 
rare earth metals which, when heated, will conduct sufficient current to 
keep it incandescent. Such resistors do not oxidize and therefore do not 
require a neutral or reducing atmosphere for successful operation. The 
development of a practical non-oxidizing resistor would be highly con- 
ducive to the further use of the electric furnace. It is therefore desirable 
to determine to what extent various refractories can conduct electric 
current. 

Previous Investigations 

Dr. E. F. Earhart* has made electrical conductivity tests on porcelain, 
applying a high potential direct current to the test pieces and at the same 
time measuring the current. From Ohm’s Law, the resistance was com- 
puted. Pieces 2 cm. in diameter and 2 cm. long were molded and mounted 
between platinum tipped copper rods and the whole placed in a wire re- 
sistance electric furnace. Measurements were made up to 500°C. A re- 
verse electromotive force was noted, having a magnitude which increased 
with time until the test potential was reached. 

P. H. Brace‘ in similar tests with magnesia and porcelain, using direct 


' Rodenhauser and Schoenawa, “Electric Furnaces in the Iron and Steel Industry,” 


p. 101. 

2H. W. Gillett, ‘““Requirements of Refractories for Furnaces Melting Copper 
Alloys,’ Jour. Amer. Ceram. Soc., 6 600 (1923). 

3E. F. Earhart, ‘‘Notes on the Electrical Behavior of Porcelain and Glass at 
Moderately High Temperatures,’’ Ohio Jour. of Sci., 16, 81 (1916). 

4 P. H. Brace, “Electrical Resistivity of Porcelain and Magnesia at High Tempera- 
tures,’ Trans. Am. Electro-Chem. Soc., 33, 205 (1918). 
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current, observed the apparent specific resistivity to be dependent upon 
the duration of the application of the test current. At 990°C porcelain 
behaved as if it were a storage battery, producing a measurable current one- 
half hour after the test current had been disconnected. 

The Bureau of Standards! has developed a method of testing the 
resistivity of spark plug porcelains. This method is also based upon 
Ohm’s Law. The test piece is molded in the form of a cup, 60 mm. 
in diameter, 65 mm. high and with walls 2.5 mm. thick. The cup is 
filled to a depth of 2 cm. with solder which forms one electrode. It 
is then placed in a shallow steel dish containing melted solder which 
forms the other electrode. Temperature measurements are made both of 
the solder in the test piece and of the solder in the shallow dish. 
When the desired temperature has been reached, the test piece is subjected 
to an alternating current of 60 cycles at 500 volts. The flow of current 
is then measured by means of a dynamometer milli-ammeter and the 
resistance calculated. This scheme has the advantage of giving a good 
electrical contact but is dependent upon the non-absorption of the metal 
by the test piece. 

Dr. Northrup? gives a method for determining the resistivity of refrac- 
tories at temperatures up to 1600°C. Good results were obtained with 
alundum cement and it is therefore recommended for similar work with 
other refractories. Alternating current was used for testing since it had 
been noted that direct current caused a counter electromotive force to be 
developed. Electric conduction in refractories is probably a combination 
of electronic and electrolytic conduction, making such measurements equiv- 
alent to the determination of the internal resistance of an electric battery. 
The test pieces were clamped between graphite plates, subjected to 120 
volts alternating current and the resistance measured by means of an elec- 
trodynamometer. This method, in general, has been followed in the 
present investigation. 


General Method 


The refractories to be tested were made up into small tiles and clamped 
between graphite plates. The testing unit thus made, was suspended in 
a tube furnace the temperature of which was closely controlled by a rheo- 
stat. Electrical resistance measurements were made with a Wheatstone 
bridge using 45-volt 1000 cycle alternating current. Temperature mea- 
surements were obtained with a platinum-platinum rhodium thermocouple 
and readings taken up to and including 1500°C. 


1 National Advisory Committee for Aeronautics. ‘“‘Spark Plug Defects and Tests,”’ 
Rept. 51. 

2 E. F. Northrup, ‘High Temperature Resistivity of Refractories,’’ Met. & Chem. 
Eng., 123 (1914). 
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Apparatus 

The electric furnace consists of an alundum core three inches in diameter 
and twelve inches long, wound with 34 feet of molybdenum wire 0.075 
inch in diameter. The core has a pitch of four turns to the inch, thus 
giving a heating surface ten inches in length. The winding is embedded 
in alundum cement and the whole placed in a 12-inch steel shell and packed 
with dead-burned magnesite as shown in Fig. 1. A removable cover plate 
of steel, insulated with a heavy sheet of asbestos, is fastened to the flange 


at the top of the shell by — a ee 
means of four bolts. The Y 7 
alundum core is provided with aA 

a refractory cover. To pre- Yr; WY. 
vent oxidation of the molyb- 
denum wire, provision is made 
for passing nitrogen through 
rate of one-half cubic foot per > ~ 

hour. The nitrogen proceeds \ 
from a tank into a calcium \ 
chloride bottle and through a 
flow meter. By calibration 
measured in terms of cubic feet - 


per hour. To remove any 
oxygen present, the nitrogen 
is passed through a quartz 
tube one inch in diameter and 
thirty inches long, containing 
copper clippings which are heated to 800°C by means of an auxiliary 
electric furnace. It then enters the furnace through an opening in the 
bottom. The testing unit and thermocouple are suspended in the furnace 
through an opening in the center of the top plate. 

The electric current for heating is taken from a 1- to 45-volt transformer 
for temperatures up to 1200°C. For higher temperatures, a water-copper 
sulphate rheostat is used in series with a 120-volt power line. To reach 
a temperature of 1500°C, 32 amperes at 120 volts are required. 


Fic. 1.—Molybdenum wound electric furnace. 


Testing Unit 
Test Pieces.—In order to maintain a uniform structure in the re- 
fractories to be tested, the screen size, water content, and pressure to which 
the pieces were subjected when molded, were kept constant when possible. 
All materials were ground in an agate mortar to pass through a 150-mesh 
sieve, passed over an electromagnet to remove any free iron, and then 
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tempered with 25% (absolute volume) of water. However, it was neces- 
sary to add additional water in some cases to safely mold the pieces and such 
additions are noted. Forming was done in a steel mold under a pressure 
of 6000 pounds per square inch giving tile '/s inch thick, 1°/s inches wide 
and two inches long. Three pieces are required for testing. After being 


o o 
TT! 
A A 
Testing Unit Legend 
5 A—Graphite plates 3/.” K 13/3” X 10” 
B—Graphite plates 3/3” 13/3” 2” 
C—Graphite screws (dia.) 13/4” 
ei? D—Molybdenum terminals .075” (dia.) 10” 
E—Molybdenum plugs 
X—tTest pieces '/5” K 13/3” X 2” 
4 4 
‘ a Theoretical Connections Testing Unit 
= */; 
p(sp. resistance)............... = 
where A = area of test pieces 
x 2 D = depth of test pieces 
Therefore. . @ 
x Fic. 2. 


dried, all tile were burned twice in the electric test furnace to the maximum 
temperature to which they were to be tested. They were then dressed 
and measured, the thickness by means of a micrometer gage and the area 
by a polar planimeter. To insure good electrical contact, the surfaces of 
the pieces were coated with a thin layer of carbon black. 


ij 
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Graphite Plates.—The test pieces were clamped between four graphite 
plates, two of which are of the same width and length as the tile. ‘The outer 
two are ten inches long and of the same width as the test pieces and all 
are */, inch thick. The 10-inch plates are bound together by two 1-inch 
graphite screws by means of which the pressure can be regulated. ‘The 
assembly and theoretical connections are shown in Fig. 2. 

Terminals.—Two molybdenum wires, 0.075 inch in diameter and ten 
inches long, were used as terminals. These were tapped into '/,-inch 
molybdenum plugs which were in turn tapped into the smaller graphite 
plates. 


Temperature Measurements 


Temperature readings were obtained with a platinum-platinum rhodium 
thermocouple in connection with a sensitive potentiometer. The couple 
was encased in a refractory protection tube and placed in the same posi- 
tion relative to the testing unit for all tests, so that any error due to a 


Legend 
A—Generator 1000-cycle a. c. 
B—Variable condenser. 
ry | C—Variable resistance. 

D—Telephone headset. 
E—Slide wire. 

F—Testing unit. 

G—Ground. 


Fic. 3.—Theoretical diagram of apparatus. 


lag of temperature in the furnace, would be constant for all measurements. 
The cold junction of the couple was maintained constant by placing the 
ends and the leads in sealed glass tubes containing mercury and inserting 
them in a thermos bottle packed with ice. The maximum temperature 
at which resistance measurements were made was 1500° as this proved 
to be the practical limit for the thermocouple protection tubes. 


Resistivity Apparatus 


The theoretical diagram of the apparatus used is shown in Fig. 3. 
The Wheatstone bridge consists of a! Kohlrausch slide wire (£), a 20,000 
ohm variable resistance (C) and a telephone headset detector (D). The 
slide wire forms the variable ratio arms of the bridge. One end is con- 
nected to the variable resistance (C) and the other to the testing unit (F), 


1 Leeds and Northrup, ‘‘The Measurement of Conductivity of Electrolytes.”’ 
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while the remaining terminals of F and C are joined together. ‘The tele- 
phone headset is connected, one end to the junctions of C and E and.the 
other to that of F and FE. The latter junction is grounded when working 
with high resistances. In order to balance out the capacity which is 
developed in all clays when subjected to an electric current, a variable 
condenser (/) is placed in parallel with the bridge arm (C). The condenser 
unit was made up of seven fixed mica condensers and one variable air con- 
denser connected through a switchboard in such a way as to permit any 
capacity up to 0.15 microfarad to be obtained. The effect of a capacity 
in one arm of the bridge, is to throw out of agreement, the phase of the 
current flowing in that arm, as compared to the current flowing through 
the other arm. To obtain a null point or silence in the telephone headset, 
it is necessary to balance the capacity developed in the clays by an equiv- 
alent capacity from the condenser unit. 

The bridge has ten turns of wire upon its drum with a resistance of about 
27 ohms and is provided with a scale having 2000 divisions. Readings, 
however, can be estimated to one part in 10,000 of slide wire. The wire 
is of sufficient size to withstand continued use without appreciable wear. 

A 1000-cycle alternating current generator delivering 250 watts at 45 
volts was used as the source of the exciting current. The generator was 
belt driven by a '/;-horsepower motor and was placed in a room beneath 
the laboratory so that the telephone detector could be used without inter- 
ference. To prevent heating effects at contacts, the quantity of current 
used was kept at a minimum by placing a 20,000 ohm variable resistance 
in series with the generator leads. 


Measurements 

The testing unit was placed in the center of the furnace and since the 
effective length of the furnace is ten inches, uniform heating throughout the 
two inches of length of the test pieces was assured. The molybdenum ter- 
minals, after being screwed into the graphite plates, were connected to copper 
wire leads and through them to the bridge. The opening in the cover 
plate of the furnace, through which the molybdenum terminals extended, 
was sealed with asbestos sheeting and loose infusorial earth. This material 
acted as a short circuit across the terminals but as it was kept cool, its 
resistance compared to that of the test pieces was so high, that any error 
from this source was negligible. 

When the desired temperature of the test pieces, as indicated by the 
thermocouple, was reached, the generator was started, thus causing an 
electric current to flow through the testing unit and the remaining arms of 
the bridge. By regulating the variable resistance C, and the capacity B, 
(Fig. 3) together with the ratio arms £, no current will flow through the 
telephone detector D. Under these conditions, the resistance of the testing 
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unit multiplied by the length of the opposite ratio arm will equal the varia- 
ble resistance multiplied by the length of the ratio arm opposite. In 
making readings, the ratio arms were maintained as nearly equal in length 
as possible and the exciting current was kept as low as was consistent with 
obtaining clear signals in the telephone detector. The mathematical 
derivation of the formula used after the resistance of the testing unit is 
obtained, follows: 


2X 
If R = the resistance of the testing unit then R = i 
X = the resistance of each test piece X = 3/2R 
XA 
P = §Sp. resistance of the test pieces and P = “— 
D 
A = Area of test pieces X = = 
D 
D = Depth of test pieces, therefore P 7 = 3/2R 
AR 
and P = 3/2 — 
D 


Readings were taken at 100° intervals to 1500°C beginning at the lowest 
temperature at which accurate measurements could be taken. 


Analysis of Method 


All measurements were conducted in such a manner that any errors in- 
cident to the method would be constant throughout all tests. In making 
resistivity tests, the greatest difficulty lies in obtaining perfect contact 
between the electrodes and the 'test pieces. This was overcome by coating 
the pieces with a thin layer of carbon black by means of which the exciting 
current was distributed throughout the area of the pieces. Also, the area 
of electrical contact was large compared to the cubical content of the ma- 
terial tested. Since the test pieces were in contact with graphite, they were 
under reducing conditions, affecting most those materials containing iron 
compounds. The latter invariably had a lower resistivity under reduc- 
ing conditions than when tested under oxidizing conditions. Any tendency 
for the deposition of carbon in the test pieces by the breaking down of any 
CO present was overcome by thoroughly reducing the materials and then 
heating them for four hours at 650°C under oxidizing conditions. At this 
temperature, any carbon present would be oxidized without affecting the 
status of the constituents of the test pieces. Any variation in temperature 
throughout the cross-section of the furnace was off-set by the fact that the 
pieces occupied only a relatively small volume of the furnace and were in 
contact with graphite which is a good thermal conductor. The thermo- 
couple was placed adjacent to and touching the graphite plates. Since 
it was nearer to the heating element than was the testing unit, it was in a 
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somewhat hotter part of the furnace. This was balanced, at least partially, 
by the lag in temperature through the thermocouple protection tube. 

At low temperatures, the resistance of the materials tested is so high 
that the leakage of current through the condensers causes serious errors. 
Readings were taken at the lowest temperature at which the error due to 
this leakage was negligible. All measurements were checked by readjust- 
ing the test pieces and conducting a duplicate test. The absolute values 
of resistivity of the materials unde: the conditions by which tested is 
probably within 5% of the values given. 


TABLE I—RESISTIVITY 
Temp. 


in degrees Resistivity in ohms per centimeter cube 
; Flint fire clay Kaolin Sillimanite Silica Magnesite 
400 729 X& 103 145 X 104 358 & 105 828 X 105 
500 140 X 10% 269 X 103 607 X 104 113 X 105 
600 422 X 10? 747 X 10? 148 X 104 236 X 104 Hee 
700 158 X 10? 302 10? 467 X 103 
800 701 X 10 146 X 10? 179 X 108 300 X 108 330 X 105 
900 353 X 10 744 X 10 739 X 10? 117 X 10% 116 X 105 
1000 212 K 10 391 X 10 363 X 10? 490 X 10? 478 X 104 
1100 147 X 10 235 X& 10 179 X 10? 259 X& 10? 848 X 103 
1200 105 X 10 146 X 10 115 X 10? 157 X 10? 947 X 10? 
1300 86-4 106 X 10 572 X 10 111 X 10? 141 X 10? 
1400 72 846 429 X 10 805 X 10 279 X 10 
1500 582 681 315 X 10 566 X 10 615 
TABLE II—REsISTIVITY 
Temp. Resistivity in ohms per centimeter cube 
in degrees C Maryland talc Italian tale Indian talc Diaspore 
500 282 X 105 159 X 105 670 X 105 462 X 103 
600 719 X 104 350 X 104 178 X 105 103 X 10? 
700 219 X 104 970 X 108 544 X 104 350 X 10? 
S00 861 X 10% 353 X 103 179 X 104 127 X 10? 
900 389 X 103 157 X 108 760 X 108 607 X 10 
1000 238 X 103 749 X 10? 340 X 103 292 X 10 


Flint Fire Clay 
The flint fire clay used for testing is classified by the Ohio Geological 
Survey as No. 5825, Sciotoville clay and was mined in Scioto County, 
Ohio. It has a chemical composition as follows: 
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Loss on ignition.......... 12.90 


It was ground to pass through a 150-mesh sieve and tempered with 10% 
water. The pieces were formed under a pressure of 6000 pounds per square 
inch and twice burned to 1500°C under the same conditions as when tested, 
giving a very hard dense body. A microscopic examination showed the 
burned pieces to be colloidal kaolinite anhydride together with small 
percentages of kaolinite anhydride and quartz crystals. The resistivity 
curve is shown in Fig. 4. 

Kaolin 

The kaolin tested was mined at Spruce Pine, North Carolina. It has 

the following chemical composition: 


Hygroscopic water........ 3.07 0.03 
Total water.............. 16.88 trace 
0.54 


The kaolin was ground to pass 150-mesh sieve, tempered with 10% 
water and formed under a pressure of 6000 pounds per square inch. The 
pieces were twice burned in the electric testing furnace to a temperature 
of 1500°C giving a hard dense body. A microscopic examination of the 
burned body showed it to consist of aggregates of colloidal and crystalline 
kaolinite anhydride with an index of refraction of 1.57. The resistivity 
curve is shown in Fig. 5. 

Sillimanite 

A natural sillimanite, mined in the vicinity of Custer, S. D., was tested. 
It was ground to pass through a 150-mesh sieve, tempered with 8% of 
water and formed into tile under a pressure of 6000 pounds per square 
inch. The pieces were twice burned to 1500°C in the electric testing fur- 
nace, giving a hard dense body. A microscopic examination of the burned 
pieces showed the crystalline structure to be unchanged. The crystals, 
however, were somewhat stained due to the absorption of ferrous iron. 
The resistivity curve is shown in Fig. 6. 

Silica 

The silica tested was a Pennsylvania quartzite, finely ground, and used 

in the industry as potter’s flint. It has the following chemical composition: 
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Dry pressed under pressure of 6000 Ibs. per sq. inch and twice fired to 


atmosphere of nitrogen with Wheatstone bridge using 1000-cycle alternating cur- 
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It was tempered with 17% of 
water, formed into tile under a 
pressure of 6000 pounds per square 
inch and twice burned at 1500°C 
in the electric testing furnace, giv- 
ing a somewhat soft body. A 
microscopic examination showed 
the silica to be practically all cris- 
tobalite. The resistivity curve is 
shown in Fig. 7. 


Magnesite 
The magnesite used for testing 
was an Austrian magnesite. It 
was calcined to 1400°C, ground to 
pass through a 150-mesh sieve and 
tempered with 30% of water by 
weight. The test pieces were 
formed under a pressure of 6000 
pounds per square inch, dried and 
twice burned to 1500°C, producing 
a hard dense body. A microscopic 
examination showed the burned 
body to consist of iron stained 
periclase crystals. The resistivity 
curve is shown in Fig. 8. 
Talcs 
Comparative tests 


on Maryland, Italian and Indian! 
Typical analyses’ of these 


were made 


tales. 
tales are as follows: 


Maryland Italian Indian 

SiO... 58.68 61.52 61.00 

Al.O; 0.84 2.12 

FeO... Indeter- none none 
minate 

FeO 5.52 1 27 1.74 

MgO 26.80 31.38 29 .83 

5.33 5.42 5.56 


1 Furnished by the American Lava 


Corporation. 


Diller, Fairchild and Larsen, Econ. Geol., 15, 
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The test pieces were cut from the raw massive tale and twice burned 
to 1000°C under the same conditions as when tested. Resistivity measure- 
ments were made up to and including 1000°C as pure talc bodies are rarely 
used at higher temperatures. 

° |. The Maryland tale pieces when burned in a reducing atmosphere are 
uniformly slate colored and when viewed under the microscope are seen 
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Fic. 9.—Tale (Maryland). 

Data: Test pieces cut from raw tale block and twice fired to 1000°C. 
Conductivity measurements made in an atmosphere of nitrogen with Wheat- 
stone bridge using 1000-cycle alternating current. Test pieces in contact with 
graphite plates. 
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Fic. 10.—Tale (Italian). 

Data: Test pieces cut from raw tale block and twice fired to 1000°C. 
Conductivity measurements made in an atmosphere of nitrogen with Wheat- 
stone bridge using 1000-cycle alternating current. Test pieces in contact with 


graphite plates. 


to consist of iron stained crystalline aggregates with an average index of 
refraction of 1.63. The Italian tale pieces are not homogeneous. When 
burned in a reducing atmosphere, the Italian tale produces an iron spotted 
light gray body, composed of stained crystalline aggregates having an aver- 
age index of refraction of 1.60. The Indian talc, when burned as above, 
produces a uniform light gray body, composed of slightly stained crys 
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talline aggregates with an average index of refraction of 1.585. The Italian 
talc has the lowest resistivity due, no doubt, to the concentration of the 
iron and other impurities. If the tale had been pulverized and pieces 
molded, a much higher resistivity would probably have resulted. The 
resistivity curves are shown in Figs. 9, 10 and 11. 


Diaspore 


The diaspore used for testing was mined in the St. Louis district. It was 
ground to pass through a 150-mesh sieve and tempered with 9% of water 
by weight. The test pieces were formed under a pressure of 6000 pounds 
per square inch and twice burned to 1500°C producing a hard but somewhat 
porous body. When burned under oxidizing conditions, the resulting 
body is buff in color, while the reduced body is dark slate colored. A 
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Fic. 11.—Tale (Indian). 

Data: Test pieces cut from raw talc block and twice fired to 1000°C. 
Conductivity measurements made in an atmosphere of nitrogen with Wheat- 
stone bridge using 1000-cycle alternating current. Test pieces in contact with 
graphite plates. 


microscopic examination showed the reduced test pieces to consist of dark 
almost opaque crystalline aggregates. Resistivity measurements were 
carried through 1200°C. Above this temperature the resistance was not 
constant for any given temperature. A possible explanation is that at 
temperatures above 1200°C a eutectic is formed, producing a fluid mass in 
the porous body. Since the fluid mass has a certain freedom of movement, 
the structure does not remain constant. 


Conclusions 


Of the materials tested, magnesite has the highest resistivity at low 
temperatures, while at high temperatures it falls almost to that of flint 
fire clay, which has the lowest resistivity at all temperatures. The kaolin 
curve lies parallel to that of flint fire clay, the lower resistivity of the latter 
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being due in the main, to its higher percentage of fluxes. The resistivity 
of diaspore is higher than that of kaolin, with its curve being almost parallel 
to that of kaolin at the lower temperatures. The resistivity curve of 


sillimanite is of the same ; a _ gw 
general nature although | 
higher than those of flint fire ||. z= Ze 
clay, kaolin and diaspore. | | | | az 
It crosses the magnesite pew 
curve at 1375°C. The silica | | } | && 
curve parallels that of silli- ea | | | $3 
manite and crosses the mag- 
Italian tales have high resis- 
tivities, the magnitudes of 
which are of the order as 8 | ‘\ ae 4 2 
With the exception of a8 » 
magnesite, the rate of de- | 
crease of resistivity de- | 5 = 
creases with an increase in § \ a 8 
gation indicates that the 
resistivity of acomplex cer- 3 | “See 
amic body, especially if itis 3 | | eges 
open and porous, isnot con- z > 
stant for a given tempera- 
ture above the temperature 
at which its most fusible 2 
is affected by the amount 
of impurities present, de- || 2 £ 5 
creasing with an increase of | BE 
impurities. As was shown 38 o 
in the test of Italian talc, | g 
the resistivity is not only BO 
dependent upon the amount = 
of impurities but also upon t—— 
their distribution. Within gg 8 8 
the limits of the voltage IN DEGREES ~-c. 


used, resistivity is indepen- 
dent of the potential applied. This is only true when the electrical con- 
tact between electrodes and the test piece is good. 
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Further Investigations 

In order to determine any law governing the resistivity of ceramic bodies, 
it seems advisable to investigate the resistivity of uniformly varying mix- 
tures of pure ceramic materials. While such an investigation would not 
approach commercial conditions, since pure materials would be used, it 
would furnish a basis for commercial practice. 

The investigation was conducted under reducing conditions. Further 
tests of similar materials should be made under oxidizing conditions to 
determine what effect atmosphere has upon resistivity. 


Resistivity measurements could, no doubt, be used to determine change 
of phase and eutectic formation in ceramic bodies. At the temperature 
where a change of phase occurred or a eutectic formed, there would be a 
sudden change in the slope of the resistivity curve. 


Acknowledgment 


The above investigation was conducted:n coéperation with the Ceramic Experiment 
Station, Bureau of Mines. Acknowledgment is made for assistance given by A. S. Watts 
and G. A. Bole. 


| 
: 
| 
: 
« 
Fic. 13. 


THE DESIGN OF KILNS AND FURNACES FROM MODEL TESTS! 


By F. H. Norton? 
Introduction 


Many cases occur in eugineering practice where the performance of a 
large and expensive structure cannot be calculated in advance because 
of the extreme complication of the governing laws. 

Perhaps the most notable example of this kind is ships’ hulls, where a 
model is resorted to for producing the form of lowest resistance fitting the 
given conditions and to predict the performance of the full-sized ship. 
By the use of now well established correction factors, the full scale per- 
formance can be determined with remarkable precision. 

More recently aerodynamic models have been used to a great extent 
to develop more efficient shapes and to predict the performance and sta- 
bility of airplanes. It is considered very hazardous to fly a new type of 
airplane until the model test has proved satisfactory. 

Mechanical models are often used for measuring stresses in complex 
structures by the photo-elastic method and have proved of great value. 

There have been recently constructed a number of kilns of new design 
and of considerable cost (such as tunnel kilns) which have required long 
and costly alterations from the original plans before satisfactory operation 
could be established. If it were possible to construct a model of the pro- 
posed kiln and first Carry out the experimentation on it—and yet be cer- 
tain that the large structure would simulate the performance of the model— 
a great saving in time and money would be made. 

It is undertaken here to analyze the effect of scale on gas and heat flow 
and to determine the possibilities and limitations of using models. 


Dimensional Analysis 
It is necessary to utilize the greatest care in interpreting the results of 
model tests, or erroneous conclusions may result. Therefore it is ad- 
visable to apply, where possible, the principle of dimensional analysis, 
which is really quite simple in its application, as indicated below. 
All physical quantities can be expressed as functions of these funda- 
mental units, 


Quantity Symbol 
Length 
Time 
Mass M 
Temperature 
Heat quantity H 


1Recd. Sept. 12, 1924. 
2? Babcock and Wilcox Research Fellow, Division of Industrial Coéperation and 
Research, Mass. Institute of Technology. 
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Thus, 
Velocity 9 = 
Acceleration a = 
Force F = MLT- 
Energy E = ML*T- 
Density p = 
Heat quantity H = L* = ML*T-? 
Conductivity K = = 
Specific heat C = = 
Viscosity = ML-“T-! 
Kinematic viscosity v = 


Rate of heat transfer h = HT = ML?T™-3, ete. 


As an example of dimensional analysis, let us determine in what way the 
resistance of a solid body in a moving fluid varies with changes in all 
quantities that can effect it. Let us list these quantities, 


Quantity Symbol Dimensions 

Length 

Time t T 

Velocity v ia 

Resistance R MLT~? 

Density of fluid p ML= 

Viscosity of fluid 

Elasticity of solid E ML™T-? 

Velocity of sound in fluid Q LT~'! (compressibility of fluid) 
Acceleration of gravity a LT? 


Obviously the resistance will depend principally on /, v and p. So 
setting Ro/, v, p and substituting their dimensions, we get, 
MLT-? = L*, L’, M°L-* 


Solving for a, b and c, 


1 = a+b—3c a=2 
l=c b=2 
—-2 = —-b 


R 
or K o/*y’, or | —— | is one of the six dimensionless products obtainable 


from the nine quantities. 
Next assume that X& is held constant and that yu varies in some way 


as lvp. As before the dimensionless product is obtained and is | h i 
up 


In the same way all the other quantities are equated to /vp in turn so that 
there is finally obtained the following expression, where ¢ is an unknown 


function. 
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This expression shows that the resistance of a body is proportional to 
l?, v? and p if the five dimensionless products are held constant. ‘That is 
if p and yw are the same for model and full scale the product of length and 
velocity must be constant and so on for the other products. It can be seen 
at once that it is impossible to vary / and keep all the products constant, 
therefore a model cannot exactly duplicate the full scale conditions. 

Fortunately, however, by properly setting our limits, most of the di- 
mensionless products can be safely neglected. For example, up to speeds 
of 600 it./sec. the compressibility of the fluid (air) can be neglected, and 
the rigidity of the solid is unimportant except for flexible members like 
propeller blades. Also we may neglect acceleration and time with total 


immersion which leaves, 
R = 


as the equation that will satisfactorily express the relation between model 
and full scale for any gas flow that will interest us. 

The function ¢ can only be determined by experiment. While it is 
nearly constant over a large range at high values of v/, it changes rapidly 
at the lower limit of turbulent flow. 


Gas Flow and Pressures 


It has been previously shown that the resistance, 


R = 
vlp 


In the kiln the fluid travels through a passage and the drop in pressure 
P is desired. K in the above equation will evidently be replaced by 


Then, P= y? po 
vip 


which is a relation well tested in experimental hydrodynamics. 

For example, suppose the model is '/; full size and that it is run with an 
average temperature of 240°F and the full scale kiln is operated at 2400°F 
and is supplied with 3500 cu. ft. of air a minute. First the velocity in 


the model must be chosen to make | | the same in both cases. To 


vip 
do this, the density and viscosity of air and combustion gas must be known 
for various temperatures. Unfortunately there is no such data available 
at the higher temperatures, but the values are exterpolated from the 
existing data as well as possible. (Fig. 1.) 
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The values of /, u, v and p are: 


Model Full scale Ratio 
Temp. 240°F 2400 °F 10 
l l 5 
p 93 X& 105 20 X* 105 21 
230 108 490 X 108 2.1 
v 11,700 23,400 2.0 


The velocity for full scale is found by multiplying the velocity of the cold 
air by 6.1 (the ratio of the density at 60°F and 2400°F) for the volume in- 
creases immediately after passing through the burner. The velocity is 
that corresponding to all the hot gases passing through a one square foot 
section. On the model the velocity would be that of the air passing through 


T T T T T T x T 

| | | Q 

| | | | | 
+ + +——_+— 

eT tT | 
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an equivalent section, or '/2; of a sq. ft. The model v will evidently be 
11,700 to make & | a constant, or the model need be run at only one- 
half the full scale velocity. 

It should be noted here that the model kiln at low temperatures has an 
immense advantage over aerodynamic models in that the model velocity 
can be less than the full scale velocity. With the usual aerodynamic 
model of '/29 scale, the tests should be conducted at twenty times the full 
scale velocity to obtain similar flows for the air is the same in both cases. 
Such velocities, of several thousand miles an hour, are of course impracti- 
cal and so these model tests require a correction factor of rather uncertain 


| 
+ + — + 
| 
— z — + +— 1600-400 - 80 
d | Oz 
LIS | 
| 
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magnitude. It may be interesting to note that recently arrangements 
have been made to run aerodynamic models in air compressed to twenty 
atmospheres so that the corresponding speeds are the same. 

Returning to the example, it is seen that the ratio of velocities is 2.0 
and densities, .21. As p = pv’, the pressure drop in any place in the model 


will be, 
1 
4 20 4.8 25 


times the pressure drop at the same place in the large kiln. 

It should be noted that these pressures are only the pressures due to the 
motion of the gas and that there is another component due to the static 
head of gases in the kiln. This pressure is easy to compute from the density 
of the gases and the head. However, if the model is run at such a tempera- 
ture that (pl) is a constant, the model pressures will correspond to the full- 
sized ones. A '/; size model run at about 300°F will iulfill this condition 
of similitude. 

As the gas velocity in models is rather high and the stack short, it is 
always necessary to apply induced draft. This makes it impossible to 
determine directly from the model the operation of the 
stack. However, after the draft necessary is determined eget 
from the model, the height of the stack can be computed 
accurately as the friction loss in the stack is known. 

It is perhaps well to call attention here to the necessity 
of correcting the pressure readings in the kiln for the 
atmospheric pressure gradient. Suppose pressure read- 
ings are taken in the top and bottom of the kiln as shown 6 7 
in Fig. 2. a 

The first measurement will indicate a-c and the second Fic. 2. 
b-d and the assumption is usually made that d-c is zero. The atmosphere 
gradient is 0.015 inch of water per foot, so that if c and d are 6 ft. apart, 


a c 


we have, 
(a-c) — (b-d) = p, 
(a-b) — (d-c) =p, 
(a-b) = pi —(d-c)= pr — 


It is quite possible to have a measured pressure at (a) less than at ()) 
and yet be forcing the gases downward through the charge. The position 
of the manometer in no way affects the readings if the tubes are filled with 
air at atmospheric pressure and temperature. 


Heat Transfer 


Heat may be transferred in three ways: by convection, conduction and 
radiation. ‘These three methods vary with change of scale and temper- 
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atures in different ways so that a model that gives similitude in all of them 
is complicated. It is therefore quite desirable to know which is the most 
important. 

The charge of bricks is the portion of the kiln of most interest, therefore 
the heat transfer will be computed there for actual conditions. Let Fig. 3 
represent a section of the kiln, and assume a vertical temperature gradient 
of 1°F/cm. ‘The temperature of the charge is 2400°F at yy and the gas 
temperature averages 2500°F and is traveling at a velocity of 100 ft./min. 

The heat received by a surface from a moving gas has been measured 
at low and moderate temperatures and is given by: 

H = KTV 
K = .000000434 when T is in °C and V in ft./min. 
H is in cal./sq. cm. /sec. 

Consider the section of one bench in Fig. 3 one cm. thick and running 

one cm. across the kiln. There will be two square cm. of surface exposed. 
H = .000000434 X 55 X 100 = .0028 cal./sq. cm./sec. or for 2 surfaces, .0046. 


The heat given to this volume by conduction will evidently be the 
amount received from the top minus the amount passing out at the bottom. 
The heat flowing downward is 0.0040 cal./sq. cm./sec. 


mee or less than the heat received by convection. Asa 

es matter of fact, although the amount leaving the bot- 

tom cannot be actually determined here, it is very 

J ’ nearly equal to that entering the top and therefore H, 


is very small. 
a e Turning to radiation in the open spaces between 
benches, it can be seen at once that if the vertical 
Pie. 3. temperature gradient is uniform, there will be the same 
temperature difference between the given section and the hotter regions, 
and the section and the lower regions. The mean temperature of the 
wall above will be assumed at 2410 and below at 2390. The heat 
retained will then be that received minus that radiated. The Stefan- 
Boltzmann radiation law states that H = A(7‘—To‘*),' or in this case: 


Hz = 1.36 X 10-" X 0.20 (15954— 15894) — (15894 — 15834) 
Hz = .0047 cal./sq. cm./sec. 

This is about the same amount received by convection. On the other 
hand the heat transfer by radiation between the charge and crown or 
charge and flue bottoms may be very large. If the crown is 2600° and the 
top of the charge 2500°, 

H, = 1.36 X 10-" X 0.2 (17014—1645*) = .28 gm. cal./sq. cm./sec. 
1 Jn this equation K = 1.36 X 107" for the units used here, but the emission of 


coefficient must also be put in. This value is not well known at high temperatures but 
0.20 seems to be the most conservative. 


| 

° 

i 
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If the bottom of the charge is 2300° and the flue bottom is 1800°, 
Hz. = 1.36 X 107" X 0.2 (15334—1256) = .83 


This indicates at once the great importance of radiation in heating the 
top of the charge and cooling the bottom. 

‘The same analysis on heat transfer will apply in a lateral direction. 
The heat transfer along the kiln would not be appreciable by conduction. 
The carrying of heat across the openings by radiation will be small as the 
temperature difference is small. Suppose there are twenty openings in 
the length ot the kiln and an overall temperature difference of 50°. The 
temperature drop across each opening (assuming '/, drop in benches) 
would be only 1.2°F. 

This illustrates the well-known fact that partitions cut down the trans- 
fer of heat by radiation. With two large parallel surfaces at a given small 
difference of temperature there will be heat flow by radiation of a certain 
amount. If a thin conducting partition is placed between the walls it 
will take up a mean temperature and the heat flow will be approximately 
halved. ‘Two partitions will reduce it to one-third, etc. This is the reason 
a good insulator, composed of numerous pores transfers practically no 
heat by interior radiation. 


Analysis of Heat Flow in the Kiln 

As all three methods of heat transfer are important in one place or 
another, it is evident that we must consider all of them in our problem. 
Convection and conduction depend directly on the temperature difference 
between the two points considered and so can be handled directly. The 
assumption must be made, however, that the material constants such as 
conductivity, specific heat, etc., are constant for the range of temperatures 
encountered inside the kiln. An examination of the temperature coeffi- 
cients will show that this assumption is safe. 

The transfer of heat by radiation is dependent both on the temperature 
difference between two points and on their absolute temperature. As seen 
from the Stefan-Boltzmann law, the absolute value of the temperature is 
very important, as it enters as the fourth power, and cannot be neglected 
like the temperature coefficient. There are only two things that can be 
done with the model: either run it at a low temperature (under 400°C) 
and entirely eliminate radiation or make the temperature distribution in 
the model the same as that in the large kiln. 

In applying dimensional analysis to the problem, radiation will at first 
be neglected and the results will apply to a low temperature condition of 
model and large kiln. To include radiation and make similitude exact, 
it is necessary to make the absolute temperature of the model the same as 
for the large kiln. 


| 
| 
| 
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The quantities entering into this problem will be: 


Quantity Symbol Dimensions 
Time t T 
Length l L 
Gas velocity v 
Gas conductivity K, = MT-Le-! 
Solid conductivity Ky = MT-*Le- 
Sp. heat of gas ‘unit vol HL~e@-! = 
Sp. heat of solid/unit vol C2 HL-e— = ML-'T-'9-1 
Viscosity of gas ML™T- 
Density of gas p ML-3 
Kinematic viscosity of gas v L?T-! 
Temperature difference 0 
Rate of heat transfer h HT-' = ML*T-* 
Heat quantity H H = M*T-! 
Proceeding as before: 
h or ML*T-? = L*T-*, L’, M*L-*T-*9-* 
t or T = L‘T-*, 
K, = or MT-*LO—™ = L*T-*, L’, M*L-*T-“o-4 
K, = or MT-*Lo— = L*T-*, L’, 
C, = or = L*T-, L’, 
= o = L*T-, L’, M*L~“, T-“o- 


The equations give the following eight dimensionless constants: 


Any one of them may be selected as a definite function and the rest 
grouped together as an unknown function thus: 


where ¢ is an unknown function which can only be determined by ex- 
periment. 

The equation means that the rate of heat transfer is proportional to the 
gas velocity, the area, the temperature difference and the specific heat in 
any size of geometrically similar kiln provided all of the dimensionless 
products are invariable. ‘That is, if the model is '/; size, and the tempera- 
tures and materials are the same; v must be five times greater; ¢t, '/25 


as large; and H, '/»; as large. 


§ 
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If it is desired to take account of radiation the last equation becomes: 


where A is the absolute temperature.' 

Attention should be called to the important fact that this problem is one 
of the few cases where exact similarity holds for changes in scale. For 
example, should / have occurred in two of the dimensionless products as 
(v/vl) and (vt/l) where y is an invariable property of the medium, the scale 


Full scale 


Similar model 


Wooden model 


Kiln Value Value Ratio Value Ratio 
Size—1 1 0.2 0.20 0.20 0.20 
Temp. dif.—Av 

and air 2400°F 2400 1 240 10 
Pressure differences l 25 25 1.2 12 
v—heated gas—ft. /min. l 5 5 51 
v—equiv. air at 60°F 0.164 83 5 39 33 
v .021 1 0022 .105 
p 22 x10-5 22x10-5 93 X 10-5 
t 1 0.040 040 39 39 
Ky .0095 l 014 1.45 
Ke .0040 0040 1 00038 0.095 
Cy .000066 .000066 1 00021 3.1 
Ce .50 .50 1 .142 28 
H 1 OO80 .00023 00023 
Vol. of heated gases cu. ft./ 

min. 1 .20 0.2 020 020 
Vol. of equiv. air at 60°F 

cu. ft./min. 16 031 2 O15 107 
(v/v!) 028 .028 l .028 l 
(K,/vlcz) .020 l 097 62 
(K2/vlc2) l 0027 4.1 
.000132 .000132 l 000148 1.12 
(tv/2) l 1 l l 
(H/L3 @C2) 1 1 1 
(pul /OC2) 1.831077 1.831077 l 27.3X1075 1490 
Calories needed to 

charge 1 0080 0080 0022 0022 
Calories lost through wall (K,/?t//) 1 .0090 O0O80 
Calories lost in flue gases 

(vtl?) OOSO OOSO OOSO OOSO 
Efficiency 1 l l 11 11 


could not be changed and still keep similarity. This difficulty arises in 
testing propellers and ship models and must be taken care of by experi- 
mentally determined correction factors. 


1 A is not dimensionless as are the other products, but it is put in here to show that 


it must be the same for model and full scale. 


792 NORTON—DESIGN OF KILNS AND FURNACES 


It might be reasonably concluded, in analogy with the equation of fluid 
resistance, that some of the dimensionless products could be omitted as un- 
important. Careful experiments will show which ones, if any, can be 
neglected, but at present we have insufficient data to decide. At any 
rate, as it is possible to keep all the products constant, it certainly is the 
safe thing to do. 

As a concrete example, there is tabulated the computed characteristics 
of a '/; scale model of a kiln, geometrically similar, of the same materials 
and run at the same temperature as the large structure. There is also 
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shown the characteristics of a similar model, but constructed of white-wood 
and run at '/,) of the full scale temperature. If the models are run under 
these conditions similitude will be attained. 

The preceding table brings out clearly the characteristics of the model. 
There is, however, one feature that looks at first glance incompatible; 
the temperatures at all points in the model-are supposed to be equal to 
that of a similar point on the large kiln, but the wall of the model is com- 
paratively thin and therefore a higher outside temperature would be ex- 
pected. This can be explained by considering that the gases in the model 
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are moving very rapidly and are bringing heat to the walls rapidly. To 
obtain similarity, therefore, the heat should be carried away from the out- 
side equally rapidly, that is, the air around the kiln should be circulated 
more rapidly to correspond with the action inside the kiln. This velocity 
on the outside should be such as to make the product (v/v/) constant for 
the model and large kiln. As v is the same in both cases, (v/) need only 
be considered. The air velocity around the large kiln is low and uncer- 
tain, so the corresponding value for the model cannot be obtained analyti- 
cally. It is very simple, however, to hold the outside of the model to any 
given temperature by trial. 
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Construction of the Models 


A wooden model is easily constructed and a great deal of information 
can be obtained from it, such as the pressures in the kiln, the path of the 
gases, the resistance of the passages, and to some extent, the evenness of 
heating. The bricks can be represented by small blocks, and the temper- 
atures can be read by thermocouples or mercury thermometers. ‘The 
highest temperature possible with a wooden model is about 350°F. Heated 
air can be supplied by a small blower and a grid of heating wires. Such 
a model is shown in Figs. 4 and 5, 


‘ 
& 
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The high” temperature model is more difficult to construct because of 
the high velocity and pressures, but a great deal more can be learned from 
it. The walls and crown should be laid up of the same bricks as the large 
kiln, with joints carefully fitted. The charge can be represented by a 
series of perforated tiles. 

Due to the large amount of combustion gases, it is sometimes necessary 
to burn the fuel outside of the model in a separate combustion chamber 
and then pass the hot gases through the burner holes. The temperatures 
can be measured with platinum thermocouples or optical pyrometers. 
The great rapidity of a burn in the model is an important advantage. 


Conclusions 


While no complete comparisons have as yet been made between a large 
kiln and its model, it is felt that model tests can predict with considerable 
accuracy the following characteristics of a kiln: 

1. The pressures and velocities throughout the kiln and flues. 

2. The distribution of temperature throughout the kiln at any stage of 
the burn. 

3. The heat lost in the stack. 

4. The heat lost through the walls. 

5. The amount of fuel required to burn to a given temperature. 

6. The time required to reach a given temperature. 

On the other hand, the model has the disadvantage of not being able to 
reproduce the burner flame to scale, so that a model would not be suitable 
for trying out burners. 


References 


1.—Bridgman, ‘‘Dimensional Analysis.” 

2.—McAdams and Frost, ‘‘Heat Transfer for Water Flowing Inside Pipes.’ 

3.—Walker, Lewis and McAdams, ‘Principles of Chemical Engineering.” 

4.—Gibson, ‘‘The Principle of Dynamical Similarity with Special Reference to 
Model Experiments,’’ Engineering, Mar. 14, 21, 28(1924). 

5.—Barstow, ‘“‘Applied Aerodynamics.” 

6.—Parsons and Harper, ‘‘Radiators for Aircraft Engines,’ Bur. Stand., Tech. 
Paper 211. 

7.—Rice, ‘‘Forced Convection of Heat in Gases and Liquids,’’ Ind. Eng. Chem., 
May, 1924. 

8.—Buckingham, Am. Soc. Mech. Eng. Trans. (1915). 

9.—Hersey, ‘““The Theory of Dimensions with Application to Instrument Work,”’ 
Bur. Stand., Inst. Circ. 30. 


’ 


CERAMIC ABSTRACTS 


Compiled by the 
AMERICAN CERAMIC SOCIETY 


Ross C. Purpy, Editor 
C. VAN Scuorck, Asst. Editor 


ABsTrRacTors: ANDERSEN, ROBERT J. ANDERSON, A. A. Ayars, C. E. Baucus, E. N. 
Buntinc, W. M CrarkK, S.S. Cork, R. R. Danrgtson, F. C. Fuint, H. D. Foster, A. F. Gorton, 
Perry D. Heiser, C. J. Hupson, W. R. Kerr, P W.Ketcuum, S. Konno, H. F. Krigcs, B. M. 
LarsEN, R. D. Lertcu, J. T. Lirrietron, Jr., M. E. Manson, T_N. McVay, R. MonrTcomERY, 
Louis Navias, O. P. R. C W. ‘OwIncs, C. W. Parmeueg, J. G. PHILLIPS, W. E. Rice, 
E. Scuramo, H. G. ScHuREcHT, D. E. Srarp, H. F. Statey, H. H. StepHenson, F. A. WHITAKER. 


Vol. 3 October, 1924 . No. 10 


Author Index! to Ceramic Abstracts for October 


AUTHOR PAGE AUTHOR PAGE 
Ackermann, S. E Hogbin, J., and Lehman, W. 290 
Holden, L. A 299 
Bain, G. W.. ; ‘ 293 Holland, J., and Gardner, W. J 291 
Bangham, D. H., and Burt, F. P. . 298 Hollands, H. W. 301 
Beck, H 289 Holmes, M. K. 286 
Bellucci, L., and Savoia, G... . 298 Houldsworth, H. S., and Cobb, J. W 296 
Benn, E.. 299 Jorgensen, F. L 292 
Bigot, 281, 293 
Bowen, W. . 282 Katz, F. J. 294 
Braun, F. . 287 Kemp, C. N 300 
Brennan, J. . 289 Klein, A. F. 300 
Britton, H. Knight, M. A 291 
Clements, F. : Luce, G. E. 287 
Coad-Pryor, E. ‘A . 281 
Cohn, T Marshall, A. E. 282 
Collins, H. . 297 Mellor, J. W 295 
Cooper, H. 5 ee Middleton, A. H 291 
Craig, O ; 203 Miller, E 284 
Milliken, A . 2384 
Demasure, P ‘ 290 Miner, E 280 
De R aphelis Soissan, L 281 Moecker, H 280 
Dressler, C . 293 Muller, R. W. 284 
Erdenbrecher, A. H 298 Nickles, J. M 294 
Etheridge, A. T 298 Nonamaker, F. C 294 
Ex, J. 298 Northwood, J. 281 
Feigl, F., and Tustanowska, L. v . 298 Parsons, L. M ; 289 
Foster, C. E. ; ; 282 Peck, A. B 294 
aes a -. 286 Pope, W. J . 205 
Fuller, C. E ‘ — | Post, C. L. . 3800 
Poste, E. P. 
Gates, A.O Prey: ; . 292 Poste, E. P., and Donauer, M . 280 
Gill, G. M ; 289 Pradel . 293 
Glaspey, W.E 284, 285 Prausnitz, P. H . 283 
Greaves- Walker, A. F ‘ 289 
Green, A. T 289 Randall, G. B 288 
Grueby, W. H. : eee . 200 Rebuffat, O 288 
Rishkevich, E ; 298 
Hainbach, R : 301 Robinson, P. B., and Rees, W. J. 288 
Hancock, W. C., and King, W. E 291 Rowart, E... : : 286 
Harrington, J . 288 
Harris, A. E 291 Saar, R 298 
Heath, A., and Leese, A " . 291 Said, J. M., and Gray, D. E. 287 
Hileman, 285 Schall, H. 283 
Hiller, H 299 Schiller, H . 298 
Hirschberg, Z. V — Schénborn, H , 283 
Hodson, J. 290 Schott, G., and Linck, G 281 


1 The abbreviation (C. A.) at the end of an abstract indicates that the abstract was secured from 
the Editor of Chemical Abstracts by coéperative agreement 


280 CERAMIC ABSTRACTS 


Author Index to Ceramic Abstracts for October (Continued) 
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Abrasives 
PATENT 
CUA Sectional grinding wheel. FRANK J. Tone. U. S. 1,502,697, 
=/ ?\*? \ July 29, 1924. A grinding wheel including a supporting drum, 
ew 3% segmental blocks of grinding material arranged in a plurality of 
\“* / circumferential rows, and means common to adjacent rows and 
r 5 extending circumferentially of the drum for retaining the segments 
thereon. 
Cement, Lime and Plaster 
Action of gypsum on the setting and hardening of cement. FRIEDRICH TIPPMANN. 
Zement, 13, 135-6, 147—50(1924).—During a 12-mo. period T. observed the rate of crystn. 


and gel formation of various clinkers immersed in distd. H,O and in Ca(OH), soln. 
Crystals visible under low magnification developed in the solns. of SO;-free clinkers in 
1 day, while those contg. 5% gypsum showed crystals after 8 days, with definite gel 
formation. The SO;-free cements had no tendency to swell. The action of gypsum 
is to retard the crystn. and to promote colloid growth. The flash set is due to crystn. 


the later set and hardness to colloid action. mn... &. AS 
Enamels 
Heat-transference in enamel-lined apparatus. E. P. Poste. Ind. Eng. Chem., 
16, 469-70(1924); J. S. C. I., 43B, 541(1924). H. H. S. 


Enameled apparatus from a chemical engineering standpoint. E. P. Poste AND 
Max Donaver. Ind. Eng. Chem., 15, 469-71(1923).—Enameled app. is finding in- 
creased use in chem. processes. The enameler must produce an enamel that will meet 
its special requirement fully. As the severity of acid corrosion becomes greater it is 
necessary to limit the size and shape of the vessel to insure a perfect enamel coating. 

W. H. B. (C. A.) 

Enamel-lined apparatus. E. G. Miner. Chem. Met. Eng., 28, 687(1923).— 
Enameled steel tanks will withstand very high pressures as well as possess non-corrosive 
and acid-resisting properties. Codrdinated efforts have resulted in standardization of 
units, as follows: a standard jacketed still with reducing ell, for the distn. of essential 
oils and acids, the reduction of fats, etc., a standard jacketed closed mixing tank with 
enameled steel agitator, an open evapg. or crystg. pan, a standard utility pot, and 
special equipment. W. H. B. (C. A.) 

PATENTS 

Enameling process. HENRY MOokcKER, Jr. U. S. 1,503,991, Aug. 5, 1924. 

In an enameling process, the steps of applying to the article prior to the application 
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of the enamel, wet patterns, then applying the enamel to the article and allowing it to 
dry, and then removing the dry patterns to effect a removal of the enamel from the 
article in the desired places prior to the fusing of the enamel. 

Enamel opacifying composition and process of making the same. Hucu SPENCER 
Cooper. U.S. 1,502,421, July 22, 1924. Process of treating naturally occurring zir- 
conium silicate to produce an enamel opacifier, which comprises wet-milling the material 
to a condition of extreme fineness, treating the milled material with an acid and then 
washing, drying, and strongly igniting the material. 

Zirconium containing composition and process of making the same. Huan S. 
Cooper. U. S. 1,502,422, July 22, 1924. Process of treating zirconium silicate, which 
comprises wet-milling the silicate to a condition of extreme fineness, reacting upon the 
milled material with concentrated sulphuric acid, and removing residual acid and 
substances rendered soluble thereby. 

Insulating enamel on wires, etc. L. DE RAPHELIS-SoISSAN. U. S. 1,495,632, May 
27. Wire or the like to be coated with insulating enamel is first given a ground stratum 
of a flexible porous substance, e. g., asbestos, powd. enamel is applied to this, shaped 
and heated to the m. p. to produce an overlying enamel coating. (CAS 


Glass 
Basic glass. A. Bicor. Meeting (May 2) of Soc. de Chem. Industrielle. J. 
Soc. Chem. Ind., 43, 513-4(1924).—City refuse can be profitably treated by incinerating 
the non-fertilizing portion under boilers for electrical generation, and fusing the residues 


with fluxes to make glass for bottles, insulators, and the like. H. H. S. 
Hydration of natural and artificial glasses. G. Scnorr anp G. Linck. Kolloid- 

Z., 34, 113-6(1924); J. S. C. I., 43B, 422(1924). H. H. S. 
Effects produced by chilling glass. A.Q. Toot ano C. G. Eicuuin. J. Opt. Soc. 

Amer., 8, 419-49(1924); J. S. C. I., 43B, 468(1924). = 


Noteworthy productions of the glass craftsman’s art. I. The reproduction of the 
Portland vase. JoHN Nortuwoop. Jour. Soc. Glass Tech., 8 [30], 85(1924)—A 
brief history of the original Portland vase, and a description of probable methods of 
manuf. The successful reproduction of the vase in glass by John Northwood and 
Philip Pargeter, the artist is described. J. G. P. 

Noteworthy productions of the glass craftsman’s art. II. Mr. John Northwood’s 
Plaque of Aphrodite. W.E.S. Turner. Jour. Soc. Glass Tech., 8 [30], 92(1924).— 
A description of the Cameo Glass Plaque, completed by John Northwood in 1906, and 
of methods used in the production. J. G. P. 

The thermal endurance of glass. I. VauGHaNH.Srorr. Jour. Soc. Glass Tech., 
8 [30], 139(1924).—A formula is derived which dets. the time which elapses before 
rupture occurs after a given change in temp. Exptl. data aregiven. Inconclusion it 
would seem that while, from the point of view of thermal endurance, a suitable glass 
for a specific purpose can be selected from a knowledge of its phys. properties, it is more 
difficult to det. the best methods of making any actual article, or to arrive at a proper 
method of testing its suitability when made. It does not appear desirable at the present 
stage to standardize any specific method of testing for thermal endurance, in view of the 
doubt which exists how far the results of any such test which can be readily applied 
may correspond with the service behavior of the product tested. GF. 

The use of pyrometers in the glass industry. E. A. Coap-Pryor. Jour. Soc. 
Glass Tech., 8 [30], 94(1924).—The value of pyrometric equipment in a glass factory 
depends essentially on three factors, namely, on (1) the trustworthiness of the pyrometer 
itself, particularly the clockwork, (2) the skill which is expended on its maintenance 
and (3) the attitude with which the management, foreman and fur. operators regard 
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it. The value of the pyrometer for the various operations in glass manuf. is pointed out, 
the different types of pyrometers are taken up, and the relative merits of each type for 
the different operations are discussed. 5. 2. 
Continuous high temperature measurement in glass works. WuiLLIAM M. CLARK. 
Jour. Soc. Glass Tech., 8 [30], 105(1924).—A résumé of the advantages derived from 
the use of pyrometric equipment, with suggestions as to their use for continuous high 
temp. measurement. 5. Se. 
Practical applications of pyrometers to glass works. C. E. Foster. Jour. Soc. 
Glass Tech., 8 [30], 109(1924).—Thermocouple pyrometers, pyrometers for measg. 
high temps., optical pyrometers, total radiation pyrometers are taken up and discussed. 
The proper use of pyrometers described, and the practicability of pyrometric practice 
in glass works is pointed out. ‘ 5. 43. P. 
Some reflections on pyrometer design and a description of a new radiation 
pyrometer. W. BowEN. Jour. Soc. Glass Tech., 8 [30] 117(1924).—In the practical 
application of pyrometry the pyrometer should be simple of design and operation, robust, 
or free from liability to breakdown under shock or accident, flexible to meet practical 
conditions, durable, have a speedy response to temp. changes, be free from dependent 
conditions such as distance, or personal error, and should be accurate. A new radiation 
pyrometer has been devised. The principle of operation depends on the Stephan- 
Boltzmann Law of Radiation. The instrument has a lens in place of the usual mirror 
reflector, to concentrate the radiation on to a thermocouple situated at its focus. The 
heat so coned. develops an electromotive force which is transmitted to the millivolt- 
meter, the scale of the latter being calibrated in temp. degrees in the usual way. An 
eyepiece is fitted to the face of the instrument, to assist the operator in centering the 
field of vision on the hot body. All these parts are fitted in a casing, so as to form one 
single unit, of extreme portability and compactness. The pyrometer is applied like a 
telescope. The time required to take a reading is between 2 and 3 seconds. The dis- 
tance factor is approx. 24 to 30 and can be increased to as high as 40. 7 <P. 
The cause of color produced in glasses of anhydrous borax and NaPO, by fusion 
with metallic oxides. T.ConHn. Chem. News, 129, 32(1924).—A color chart using 
NaPO; and borax is given with the change on increasing the concn. of the oxides of Co, 
Ni, Cu. Protracted htg. was tried to see if a change in color could be brought about. 
The beads were dissolved to see if the color was due to colloidal suspensions and found 
to be metallic salts. The conclusion arrived at was that the beads of Cu, Ni, Co, in 
borax and NaPO; were due to colored metallic salts and that Ag, Pt, and Au give col- 
Industrial pyrex. A. E. MarsHati. Chem. Met. Eng., 28, 690-2(1923).—De- 
sirable qualities of plant construction materials include: resistance to chem. corrosion, 
heat and temp. changes, a reasonable degree of mech. strength, possibility of production 
in a variety of shapes and a cost within com. possibility. Pyrex possesses many de- 
sirable phys. and chem. characteristics, but with limits as to size or requiring the de- 
velopment of new types of construction based on available shapes. It is industrially 
applicable: where acid resistance is important; where resistance to heat shock is de- 
sirable; where purity of product is essential; and transparency is involved. Applications 
to each class are mentioned. W. H. B. (C. A.) 
Estimation and removal of iron in glass-making sands. L. Sprincer. J. Soc. 
Glass Tech., 7, 234.—Previous attempts to reduce the amt. of Fe in sands had not 
met with much success. The Badische Anilin- und Sodafabrik, Ludwigshafen, had 
recently described a process as follows: ‘‘Washed sand without drying is covered with 
twice its weight of water, and 1% of concd. H2SO, added and well mixed in. Then 1% 
of ‘Blankit’ (which is essentially a reducing agent) is added and thoroughly mixed 
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in. In 5 or 10 min. the liquid becomes turbid and is run off. The sand is then washed 
with water 2 or 3 times and dried.’’ Samples of Hohenbocka sand after treatment 
were whiter. By ignition, it turned to a weak yellow tint contrasted with the strong 
reddish yellow of the ignited but untreated sand. Expts. on a Saxon grey sand failed 
to improve its color. Analyses showed before and after purification, resp.: Saxon sand, 
FeO; 0.050, 0.040%; Hohenbocka sand, Fe,O; 0.040, 0.032%. According to S., only 
the iron coating of the sand grains was removed by the Blankit or by treatment with 
HCl. This was of little use for the glass industry, but of more use for clay-working 
industries. Expts. were then made to ascertain if calcination would materially improve 
the Saxon sand. An unwashed sample, ignited at 1200° and analyzed in a Bohemian 
glass technological lab., showed only 0.02% of Fe.O;. S. then carried out numerous 
expts. to verify or refute this apparently remarkable result. In particular, it was 
desired to find out whether a Grade II sand contg. more than 0.03% of FeO; and suit- 
able for making ordinary white glass could be converted by calcination to a Grade 
I sand contg. less than 0.03% of Fe,O;. As a check on S.’s analysis, sands were sent 
for analysis to other labs. specializing in silicate analyses. Conflicting results were 
obtained. Some results indicated that the iron content of a sand was reduced by 
calcination, and, moreover, that the loss was increased by increasing the ignition temp. 
Some indicated that no appreciable good resulted. Finally, the Saxon sands calcined 
on a fairly large scale in a window glass glory hole at 1000° for 5 hrs. were used in a 
series of melting and decolorizing expts. in a crystal glass furnace, but the results were 
A new shock- and heat-resisting glass. J. Wor. J. Soc. Glass Tech., 7, 240-1.— 
The new glass, claimed by its inventor, Dr. Horak, to be unbreakable, and recently 
produced commercially in the form of app. and cooking vessels under the description 
“‘Resista”’ glass, has the percentage compn.: SiO, 78.94, BsO; 13.50, NasO 2.78, KO 
1.93, MgO 0.97, Al:O; 0.93, CaO 0.28, FesO; 0.47, TiO, 0.07. In essentials, therefore, 
it differed but little from the well known Pvrex glass, having nearly 2% less SiO» and 
about 2% more B,O;, and having also a small amt. of MgO. As one of the specimen 
cooking vessels broke in use almost immediately after purchase, the glass was not un- 
breakable, although other specimens showed it to be resistant. Three batches were 
suggested for the prepn. of the glass, namely: Hohenbocka sand 100, Bohemian feldspar 
8, magnesite 3, KNO; 5, ecryst. borax 20, cryst. boric acid 20; Salesel kaolin sand 100, 
phonolite from Bileri 13.5, dolomite 1.3, cryst. borax 22.0, cryst. boric acid 13.3; sand 
100, KNO; 4.75, marble 0.40, magnesite 2.75, cryst. borax 14.80, cryst. boric acid 18.4, 
phonolite 60. H. G. (C. A.) 
The density of glass and the process of melting. H.Sqiati. J. Soc. Glass Tech., 
7, 242.—The decrease in the d. of molten glass with increase of temp. would appear 
to prevent circulation and so to retard melting. Actually circulation did occur. This 
was due to the escape of gas bubbles from the top layer of glass, which accordingly be- 
came denser and sank. Batch usually floated, but when filled into a very hot pot contg. 
only a little molten glass it sometimes sank and adhered to the base of the pot, sub- 
sequently becoming detached and causing batchy metal. To prevent this, a ladle of 
cullet should first be filled on. H. G. (C. A.) 
The electrical conductivity and transition points of glasses. HERBERT SCHONBORN. 
Z. Physik, 22, 305-16(1924).—The equation of Hinrichsen and Rasch (C. A., 5, 30): 
log W = (v/T) + C, where W is the resistance, T abs. temp. and » and C are consts., 
holds for glass through its m. p., abrupt changes in the slope of the curve of log W 
against 1/7 being interpreted as transition points in the segion of the “crit. zone’ for 


thermal expansion. B. 


The use of filter plates made from sintered glass. P.H.Prausnirz. Chem.-Zig., 
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48, 109-10(1924).—A description of Schott & Gen. (Jena) sintered glass filter plates 
and their uses. The plates are made by sintering together pulverized glass particles 
of definite size; they can be melted into any kind of vessel made of the same Jena glass, 
thus dispensing with the prepn. of filtering mediums like asbestos fiber, shredded filter 
paper, Gooch crucibles and similar devices. The plates are made in sizes 10-120 mm. 
Examples of their use in analytical chemistry, chem. prepns. and electrochemistry 


are offered. W.¢: &. A.) 
Quartz ware —_ quartz glass. Z. V. Hirscuperc. Z. angew. Chem., 37, 99-100 
(1924).—A review G. E. B. (C. A.) 


The “Spiegel” group of glasses. E. Zscuimmer. J. Soc. Glass Tech., 7, 163-4.— 
To find the relationship between the compn. and the chem. stability of glasses of the 
so-called “‘Spiegel’’ group (that is, soda-potash-lime-silica glasses), Z. studied 249 
com. glasses of which the compns. had been published by various workers and the 
stabilities observed either quantitatively or qualitatively. The method used was 
to mark the compns. of the glasses on a 4-dimensional diagram, and at the points ob- 
tained to indicate the relative stabilities. By this means approx. boundaries could be 
marked. The glasses were divided into 3 groups, (1) resistant (approximating to Class 
II of Mylius), (2) medium (Class III), and (3) bad; and the following useful rules 
were deduced: All glasses in the first 2 groups had a lime content lying between 7.5 
and 15%. Resistant glasses had a total alkali not exceeding 13%. Medium glasses 
were those with a total alkali content from 13 to 19%. H. G. (C. A.) 


Critical discussion of a glass furnace. R. W. Mutier. J. Soc. Glass Tech., 

7, 197.—A description of a 14-pot furnace which did not come up to expectations. 
3. (C. 2.) 
PATENTS 

Glass-feeding mechanism. Epwarp 
MILLER. U. S. 1,500,879, July 8, 1924. 
In app. of the kind described, a glass tank 
spout with a discharge opening in the bottom 
thereof, a shear arm mounted below the 
spout and having an opening through it 
registering with the opening in the spout, a 
knife reciprocably mounted on said shear 
arm for severing the glass, and means for 
lowering the shear arm as the glass descends 
from the spout and for elevating the shear 
arm after the glass has been severed. 

Method of producing glassware. JoHN A. MILLIKEN. U. S. 1,503,962. Aug. 5, 
1924. The method of producing an article of glass, which consists in forming said article 
with an integral extension pro- 
vided with a shoulder portion, 
exerting tension on said extension 
in a direction longitudinally there- 
of for holding said shoulder por- ~ ‘ 
ing said article by grinding while 7 s = 
so held, and thereafter while rotat- 
ing severing said article from said 


extension. 
Machine for making bottles, etc. Warren E. Giaspey. U. S. 1,502,560, July 
22, 1924. Ina machine of the character set forth, the combination of a mold-carrier, 
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a series of molds carried thereby, nuts carried with said molds, threaded mandrels 
working through said nuts, frictionally held gears mounted on the lower ends of the 
mandrels, yieldingly mounted racks disposed on opposite sides of the path of said 
gears, one of said racks being adapted to turn the gears in a direction to elevate the 
mandrels and the other of said racks being adapted to turn the gears in the direction 
to lower the mandrels, and stops serving to limit the raising and lowering of the mandrels. 
Machine for making bottles, etc. WARREN E. Giaspey. U. S. 1,502,561, July 22, 
1924. In a machine of the character set forth, the combination of a mold-carrier, a 
series of molds carried thereby, a non-rotating mandrel associated with each mold and 
equipped with a sheathable lug-forming member, and means for raising and lowering 
the mandrels. 
Process of finishing the edges of glass sheets. AusTIN 
C. Hiteman. U. S. 1,503,586, Aug. 5, 1924. The process 
of finishing the edges of glass sheets which consists in placing . 
a series of the plates side by side with their adjacent side 
surfaces in opposition and close together and with the edges 
to be treated in substantial alignment, and then applying a 
sand blast to the said edges. 
Glass-making apparatus. Wiiiiam R. Smit. U. S. 1,500,651, July 8, 1924. 
A glass-making app. comprising a closed tank formed to confine a body of molten glass, 
an elongated tubular melting twyer extending through the wall of the tank, the inner 
end of the twyer constituting a burner 


, located within the tank above the bottom 

" thereof, means for admitting gas and air 

under pressure to the outer end portion of 

the twyer, and means for delivering glass 

fl materials to the flame resulting from com- 
= a bustion at said burner, so that said materials 


the burner flame and accumulated in a 
wud! ; molten condition in the tank below said 
|, burner. 

Device for making fiuted glass molds or the like. PETER KucrerRA. U.S. 1,502,474, 
July 22, 1924. A device for manufacturing fluted molds for glass machines and 
the like comprising a maiu shaft, means for mounting a mold body on said main shaft, 
a pattern member also mounted on said main shaft, a turntable, a forming tool mounted 
on said turntable and adapted to 
operate upon said mold body, and 
an actuating device coéperating 
with said pattern to oscillate said 
turntable and said tool to produce 
a predetermined configuration on §% 
said mold. A device of the char- 4} 
acter described comprising a main 
shaft, work supporting means on 
one end of said main shaft, a 
pattern member on the other end 
of said main shaft, a forming tool adapted for rotation relatively to said main shaft, 
means to feed said tool longitudinally of the work, an actuating device carrying the 
templet and being adapted to oscillate said tool to cause same to follow a predetermined 
path, a templet adapted to engage said pattern, and stop means adapted to determine 
when said oscillation shall begin relatively to the feed of the tool. 


| may be projected into the tank, melted by 
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Leer feeder. Minot K. Hoimes. U. S. 1,501,602, July 15, 1924. A leer feeder 
comprising a main frame, a pair of rock shafts journaled on said main frame, a pair of 
arms carried by each rock shaft, each of 
said arms being provided with a push frame 
LA support, a push frame slidably mounted 
x4 upon said push frame supports, a main drive 
~ shaft, cam mechanism on said shaft, connec- 
tions between part of said cam mechanism 
/, and the rock shafts and connections between 
YY) another part of said cam mechanism and 
the push frame whereby rotation of the 
shaft will produce vertical and horizontal reciprocations of the push frame, and means 

for relatively adjusting the cam mechanism to adjust the push frame vertically. 


Apparatus for surfacing plate glass. JoHn H. Fox. U.S. 1,501,327, July 15, 1924. 
In combination in a glass surfacing machine, a framework, a surfacing unit mounted 
for vertical movement with respect 
to the framework and for lateral 
swinging movement about its upper 
end, and comprising an upright sup- 
porting member, a vertical shaft 
journaled therein, and a _ runner 
secured to the lower end of the 


shaft, driving means for the shaft, 
releasable means for holding the 


lower end of said unit against lateral 


movement, means for carrying the 
glass to be surfaced laterally beneath 
the runner, and means for holding 
the unit in inclined position after 
said last means are released and the 


lower end of the unit swung laterally. 
Process for making glass-mold 
plungers. JACOB SODERBERG. U.S. 
1,501,246, July 15, 1924. A process for making plungers for glass molds for producing 
lenses having superimposed annular and transverse surfaces, which consists in forming 
the plunger of a base plate and a plurality of transverse strips substantially rectangular 
in cross-section by assembling and securing the strips side by side to the base plate to 
provide a composite plate, machining the front face of such com posite plate to provide 
a series of annular prisms upon the face of the plate, and then removing the strips from 
the base plate, securing them upon a second base plate surfaced to tilt the strips from 
the positions occupied in their preceding positions and give them the vari- 
ous inclinations desired for the formation of said transverse surfaces. 


Glass-circulating mechanism. LEoNaRD D. Sousier. U. S. 
1,502,068, July 22, 1924. The combination of a tank to contain molten 
glass, said tank comprising a main portion and a forehearth projecting 
- /# beyond a wall of the tank to expose a surface of the glass, a glass cir- 
ae | culating device within said main portion of the tank behind said wall, 

and means to actuate said device and thereby maintain a continuous 
circulation of the glass forming said surface. 

Annealing leer for plate glass. H.Wapbr. Brit. 212,997, Dec. 21, 1922. (C. A.) 

Drawing sheet glass. E. Rowart. Brit. 212,545, March 5, 1923. (C.-& 
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Glassworking apparatus. Jesse M. Sar and Davin E. Gray. U. S. 1,501,868, 
July 15, 1924. Ina machine for pressing articles of glass, the combination of vertical 
standards having slidably mounted thereon a plunger cross 
head, and levers for actuating said plunger cross head, the 
levers both having a floating fulcrum and a floating point 
of resistance separated from each other. 

Detergent. F. Braun. U. S. 1,494,147, May 13. 
A soln. for cleaning glass or ceramic ware is formed of 
alc. 40, glycerol 4, 5% soln. of citric acid 60 and dil. HOAc 
24 parts. 


Heavy Clay Products 


Sand-lime brick process. ANON. J. Soc. Chem. Ind., 
43, 508(1924).—Sand is mixed with 5-10% slaked lime, 
and the thoroughly mixed semi-dry mass is put through a 
brick molding machine operating at 2 tons per sq. in 
pressure. It is then exposed for 10 hours in closed cylin- 
ders to steam at pressure 120 Ibs., temp. 350°F. The lime must contain not the slight- 
est trace of unslaked lime, otherwise the bricks expand or become distorted, or they 
are weak and friable. Sand-lime bricks have a crushing strength of 330 tons per sq. in., 
and they are less absorbent to water than ordinary bricks, while possessing equal po- 
rosity as regards air. Every brick is a “facing” brick, and they require less mortar to 


lay them. H. H. S. 
PATENTS 
Brick and wall construction. GRAFTON 
>= E. LUCE. U. S. 1,503,327, July 29, 1924. 
dd A building unit eccentrically weighted and 
4 having a handhold positioned eccentrically 
45 with regard to the 


A gg 
fa— Collapsiblearche 
form for brick-kilns.° __« ~. 
GrRaFTon E. Lwee. 
U. S. 1,500,949, July 8, 1924. Apparatus of the kind described, eS - - 
consisting in a form for setting arches in a brick kiln, having Bai (ee 
brick engaging and aligning means for both sides and top of the. \-» 
arch, in combination with means to withdraw the brick engaging ~~". <> °” 


members before the form is removed from the arch, said with- 
ve drawing means simultaneously 


LI drawing inwardly and downwardly 


the brick engaging members. 


Finger-course unit car. 
CLraup E. FULLER. &. 
1,503,452, July 29, 1924 In an 
improved finger-course unit car, 
the combination of a frame, a plu- 
rality of parallelly arranged bars or 


plates extending laterally of said 
frame, and means for arranging 
said plates or bars in pairs. 


| 
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Refractories 
Grading of silica bricks. P. B. ROBINSON AND W. J. Ress. Trans. Cer. Soc. 


(Eng.), 23, 1-12.—Seven brands of silica brick made from rock contg. 95-98% silica 
mixed with 1.5-2% lime were examd. both in the green state and after firing. Con- 
clusions: (a) A hard fine-grained rock crushing into fragments of high angularity 
should be used. (5) Grinding should be such that the largest particles will be about 
6-7 mm. in diam., with about 40% of the mat. retained on a 30-mesh sieve. These 
large angular particles give strength to both the green and burned brick. (c) With 
the ganisters ordinarily used the above specif. for coarse mat. will produce more than 
40% of mat. passing through a 90-mesh sieve. This fine mat. is necessary to produce 
compactness in the brick and for the production of a melt which will promote the in- 
version of the quartz on burning. H. F. S. 
Tridymite and tridymite bricks. O. Resurrat. Trans. Cer. Soc. (Eng)., 23, 
14-5.—Refers to previous note and patents (Trans. Cer. Soc. (Eng.), 21, 66). If 
quickly raised to 1400°C coarsely powdered quartz blended with a very small quantity 
of “multiple catalyst” is completely transformed after 5 or 6 hrs. heating with an in- 
crease of vol. of !/s or !/7 and production of a product having a sp. gr. of 2.23 to 2.26 
“which must consequently be considered as almost pure tridymite.’’ This mat. does 
not change in density on further htg. until 1700°C when vitreous silica is formed. 
R. does not believe that cristobalite is necessarily formed by htg. tridymite above 
1450°C. H. F. S. 
The effect of salty coal upon refractory materials. L. M.Wirson. Trans. Cer. 
Soc. (Eng.), 23, 39-50.—The effect of ammonium chloride on fire clay and silica brick 
was studied. Conclusions: (1) Confirm observation by J. W. Cobb that solids inter- 
act at temps. below the fusing point of either. (2) There is a critical temp. of 900°C 
where the chem. properties of burned fire clay seem to undergo a change quite apart 
from the critical temp. where the phys. properties of either raw or fired mat. are known 
to alter. (3) Silica refractories are superior to fire-clay refractories in resistance to 
salty coal. (4) At temps. between 700° and 1200°C ammonium chloride removes 
iron and alumina from fire-clay bricks or iron, alumina and calcium from silica bricks. 
H. F. S. 
Reducing the cost of relining boiler furnaces. ANon. Power, 59 [26], 1028 
(1924).—A method is described of patching old fur. linings by means of a refrac. cement of 
suitable properties so that it may be shot into cracks and crevices by means of a cement 
gun. ‘The cement is a mixt. of ground fire-brick bats and silicate of soda. The article 
is illustrated with fur. wall photographs showing the character of fur. walls before and 
after relining the walls. 
Ground fire brick for furnace repair. JosEPH HARRINGTON. Power, 59 [25], 
976(1924).—In the Cleveland Elec. Illuminating Co. plant, fur. walls are laid up with 
thick joints of a refrac. cement made of fire-brick grog mixed with a refrac. cement. 
Other fur. walls are of monolithic construction using this cement. The grog in the 
cement is ground fire-brick bats of the same quality as the brick of the walls. A dry 
pan is used to prep. the grog. A saving is claimed in laying up new walls with thick 
joints of this cement. The monolithic walls apparently show long life. C. 3: 3. 
Furnace linings. Guy B. RANpALL. Power, 60 [4], 146(1924).—The refrac. 
mat. bonding agent and method of application are 3 important elements of a fur. job. 
Arches and walls made of fire-brick of uniform dimensions and laid up without bonding 
agents are emphasized. Photographs are shown of fur. walls which have been laid up 
with thick joints, the bonding agent running high in ground fire brick; and photographs 
of walls relined by the use of a cement gun. C. J. H, 
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Dolomite. L. M. Parsons. Trans. Ceram. Soc. (Eng.), 22, 323-32(1922-23).— 
Dolomite (first described by Dolomieu in 1781) is the double carbonate of Ca and Mg 
and is distinct from the mixt. known as magnesian limestones. It contains 45% MgCOs. 
Dolomite rocks are grouped as primary or secondary. Primary dolomites are produced 
originally in the dolomitic state, either chem. by evapn. of salt-lake waters (ppid. or 
proto-dolomites), or mechanically by sedimentation of the prototype. Secondary dolo- 
mites are formed by chem. alterations of limestones, the influence being usually dis- 
solved Mg salts, but, in rarer cases heated vapors contg. Mg compns. Secondary dolo- 
mites may be “contemporaneous” or “subsequent’’; in the former type, limestone on 
the sea-floor is acted on by the Mg salts in soln. before the limestone becomes hard; 
in the latter, ground waters contg. Mg salts percolate through limestones which form 
part of dry land. In many cases, the ground waters have affected a limestone here 
and there so that the dolomite is in veins, streaks and patches. Most commercial 
dolomites are of the contemporaneous class. P. gives examples of all these types as 
they occur in England. H. H. S. 

The manufacture of refractories in America. A. F. GREAVES-WALKER. Trans. 
Ceram. Soc. (Eng.), 22, 358-76(1922-23).—A description of American methods: The 
hand-made, stiff mud or steam press, soft mud, and dry press processes; drying methods, 
setting methods; burning methods, tunnel kilns; magnesite and chrome products; 
hand-made and machine-made silica products; plant equipment and organization. 
The English discussion centered on the size and waste space of tunnel kilns; apprecia- 
tion of machinery like the discharging revolving bottom pan and poidometers; humidity 
driers; and the danger of hasty work incurred by allowing men to leave work early. 

H. H. S. 

The specific heat of magnesite brick at high temperatures. A. T. Green. Com- 
munication No. 103, Stoke-on-Trent Clay and Pottery Lab. Trans. Ceram. Soc. (Eng.), 
22, 393-7(1922-23).—Using 300 g. of mat. and 45 1. of water, G. obtd. the following 
values for actual sp. ht. at a def. temp.: 


Temp. 100°C 200° 400° 600° 800° 1000° 1100° 
Sp. Ht. 0.239 0.250 0.271 0.293 0.313 0.334 0.345 


This does not confirm Tadokoro who obtd. a max. at 600°C, using 3 g. of mat. 
in a Pt crucible. Bradshaw and Emery, and Heyn, Bauer and Wetzel, obtd. no such 
max. H. H. S$. 
The use of refractory materials in gas works. G. M. Guu. Trans. Ceram. Soc. 
(Eng.), 22, 377-92(1922-23).—The temp. of carbonization has in recent years been 
increased from 1280°C to 1400° in order to obtain a 50% increase output, and retorts 
which had a life of 1000 working days are now reqd. to be more permanent. The best 
mat., silica brick (95% SiO.), often shows too much after-expansion and has to be built 
up instead of molded; it has also a tendency to spall. Fire clay shows too much after- 
contraction and a tendency to soften under load. G. suggests a semi-silica mat. contg. 
76-92% SiO: according to the position in setting and the purpose for which it is required. 
75% of the mat. should have an expansion or contraction of not more than 1% at 1400° 
C under load, and the remaining 25% not more than 1% at 1280° under load. Com- 
bustion-chamber arches should be of 95% SiO... The standardization of dimensions 
of fire bricks and blocks is recommended. Diagrams accompany the paper. H. H. S. 
Keramonit and thermonit. H. Beck. Feuerungstech., 12, 97-8(1924); St. u. E., 
44, 634—5(1924) —Two new refractories. H. H. S. 
The effect of coal ash on refractories. J. J. BRENNAN. Combustion, 10, 418-22 
(1924).—The metallurgical point of view is adopted, wherein the ash from the coal and 
the furnace lining are compared to a smelter charge and lining. Chem. analyses are 
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given of 9 coals and their ashes and of 14 bricks, Fe-free. Mixts. of 70% ground fire 
brick and 30% coal ash were prepd., each brick in combination with each ash, and 
molded into triangular cones, inclined at a 45° angle with the horizontal. These were 
mountéd on slabs of highly refractory material. Similar cones were prepd. from each 
ash and from each brick alone. These were heated in a gas-fired furnace in a reducing 
atm.; 4 hrs. was required to reach the max. of 3000°F. The condition of the cones 
was observed at 20° intervals. The temp. of initial deformation of the cones, i. e., 
when the tip assumed a horizontal position, was noted and the results were plotted. 
In the majority of cases, actual life of furnace linings follows closely the indications 
given by the charts. 
Refractory products. I. J. M. TEUNISSEN. Het Gas, 43, 276-82, 323-7, 351-5 
(1923).—A review on the material used for molding fire bricks, their methods of prepn. 
and their application in industry. R.B. (C,:A. 
Modern British blast furnaces. FRED. CLEMENTS. Jron Coal Trades Rev., 108, 
959-64, 1024(1924).—A description of 4 blast furnace units, with detailed drawings of 
furnaces and stoves. J. F. B. (C. A.) 
New use for refuse refractory material. S. F. Wairon. Jron Age, 113, 786-8 
(1924).—Old fire-clay brick bats are ground up with a bond to form a highly refractory 
mortar. Economies claimed are: the mortars are inexpensive, the mortar and plaster 
conserve fire-brick walls and arches, the new plaster can be applied instead of relaying 
brick, and fuel is conserved by the prevention of air infiltration through cracks. 
W. H. B. (C. A.) 
The study of refractory products. II. P. Demasure. Bull. fed. ind. chim. 
Belg., 3, 238-56(Mar., 1924); cf. C. A., 18, 1887.—A review and discussion of the strength 
of various refractories, particularly at high temps., and description of an app. for measur- 
ing their compressive strength at temps. up to 1500°. Wo. B. P. (C. A.) 
PATENTS 
Refractory article and method of making the same. CLARENCE J. BROCKBANK. 
U. S. 1,503,150, July 29, 1924. A refrac. article of graphite and clay vitrified in an 
atmosphere of hydrocarbon gas and characterized by relatively increased hardness at 
high temp. and relatively increased refrac. properties. 
Checker brick. HoGsin and Wi.L1AM LEHMAN. 
U. S. 1,500,455, July 8, 1924. In a checker structure, a 
plurality of parallel supporting walls, and cross members 
rockably supported in spaced relation between said walls. 
Refractory materials for lining furnaces, etc. J. 
_, Hopson. Brit. 211,944, Nov. 28, 1922. Bricks, furnace 
‘Y linings, retorts or similar products are formed from rocks 
contg. MgCO; and CaCO; together with either (a) tale or 
other form of Mg silicate, (b) igneous rocks with or without 
basic Fe cores, or either a or b plus silica sand; e. g., SiO, 15, serpentine 5, raw dolo- 
mite 10 and burnt dolomite 70%. The materials may be molded with or without a 
glutinous binder and then burnt or may be burnt to a plastic state and then molded. 
Raw magnesite 92.5, SiO, sand 5 and clay 2.5% also may be used. (C. A.) 


Terra Cotta 


Tile and terra-cotta block. 
WILLIAM HENRY GRUEBY. U. S. 
1,501,709, July 15, 1924. A tile block 
having an outer substantially flat 24 
facing side and an inner surface pro- 
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vided with inwardly extending projections at the middle portion and at opposite 
ends, the middle projection having a vertically disposed recess of suitable dimensions 
wholly within the same and the end projections having recesses of a portion of the area 
of the recess of the middle projection, whereby when stacked two of the end recesses 
will register with a middle recess to form continuous channels. 


White Wares 


Black and grey flint. A. HeaTH AND A. Legse. Trans. Ceram. Soc. (Eng.), 22, 
313-6(1922-23).—Flint was suspected as the cause of a form of stunting known as 
“chittering’”’ which does not always appear immediately after the ware is drawn from 
the glost oven, but is liable to occur subsequently to decoration or even in the ware- 
house. Black flint and grey flint were therefore calcined at the same temp., and plates 
of standard earthenware made with each, and fired, biscuit and glost, in the same sagger. 
After standing a few weeks, the bodies made with grey flint were found to be more liable 
to chittering than those made with black flint. The sp. gr. of the flints were: 
grey 2.471, black 2.467. They were ground to 160 mesh, with approx. 1% residue. 
In the discussion A. G. Richardson said chittering was due to four faults: (1) grey 
flint, (2) overground flint, (3) excess of flint, (4) displacing hard purple stone by mild 
stone. H. H. S. 

Chemical stoneware and its applications. M.A. Knicut. Chem. Met. Eng., 28, 
689(1923).—Chem. stoneware is a hand-molded product easily available for special 
shapes. It is usable in every industry where corrosive liquids are found. 

W. H. B. (C. A.) 
BOOK 

BENISCHKE, Gustav: Die Porzellan-Isolatoren. 2nd revised ed. Berlin: J. 

Springer. 116 pp. (C. A.) 
Equipment and Apparatus 


Notes on the Proctor drier. A.H.Mippieron. Trans. Cer. Soc. (Eng.), 51-60.— 
Describes an English installation of this drier used for drying brick, coke oven shapes 
and gas retort segments, varying in wt. from 2 lbs. up to 230 Ibs. each. H. F. S. 

Improvements in drying refractories or other goods. J. HoL_LAND AND W. J. 
GARDNER. Trans. Cer. Soc. (Eng.), 23, 16-25.—Describes a continuous tunnel 
drier for silica brick. The tunnel is 3 ft. wide and 60 ft. long and quite shallow. A 
fire box is built under one end of the tunnel and the flue from this runs under the floor 
of the tunnel to near the other end and then into a stack. The floor and side walls 
are made of refrac. slabs. At the rear (cold) end of tunnel is a cooling chamber which 
is cut off from the drying chamber by a damper or door. The bricks to be dried are 
placed only one high on wrought iron plates at the furnace end of the drier. These 
plates are attached one to the other and drawn through the drier on rollers by suitable 
mech. means. The moisture is drawn out by a stack at the hot end of the drier. A 
two tunnel drier will dry 5000 silica brick in 9 hrs. with a temp. of 100°C at the center 
of the drier above the brick, using 400 Ibs. of coal. One man takes this number of bricks 
from the drier and returns the drier plates to the feed end. H. F. S. 

Collecting flint dust. A. E. Harris. Trans. Cer. Soc. (Eng.), 23, 26-38.— 
Discusses dust collection app. in general and describes in particular a typical suction 
filter dust collector. H. F. S. 

Note on the abrasion of fire clay materials. W.C. Hancock anp W. E. KINc. 
Trans. Ceram. Soc. (Eng.), 22, 317—22(1922-23).—The methods in use for detg. abrasion, 
viz., the Bauschinger grinding mach., the “‘wearing’’ (sand-blast) test, and the ‘‘rattler”’ 
test, cause abrasion not by direct rubbing but rather by grinding, and further, expts. 
can only be carried out within a strictly limited range of temp. The authors used a 
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long metal arm, jointed in the middle, one end of which was attached to an eccentric 
driven by an elec. motor. The other end was fitted with a small metal clamp to hold 
the test-piece, which was moved backwards and forwards over the surface of a fixed 
block which might be of the same or different mat. so that really the mutual abrasion 
was detd. The per cent loss of wt. was taken as a measure of abrasion; when very small 
it may be reckoned as the “‘loss per 10,000 strokes.’’ Detns. were not begun until 
after the first hour of abrasion. The conclusions are: (1) Fine-grained bricks resist 
abrasion more than coarse-grained, and admixt. of grog, both as regards size of grain 
and quantity, decreases resistance; (2) Abrasion increases at higher temps; (3) Hard- 
firing of bricks decreases abrasion; (4) Addition of load to wearing surfaces increases 
abrasion. H. H. S. 
Humidity recorders. E. B. WHEELER. Bell System Tech. Jour., 3 [2], 238-59 
(1924).—An account is given of a recording hygrometer consisting of a ventilated psy- 
chrometer (wet and dry bulb thermometer) together with a Leeds and Northrup potenti- 
ometer recorder, resistance thermometers, a double wheatstone bridge circuit and the 
necessary wind tunnel equipment. As the chief difficulty encountered in the use of 
the wet bulb thermometer has been the gradual clogging and drying up of the cotton 
wick, special pains must be taken to remove all traces of grease from the wick at the 
start and to keep dust out of the distilled water. Charts and data are given showing 
comparison of results obtained in the laboratory with the recorder and with a ventilated 
psychrometer equipped with accurate mercury thermometers. Very satisfactory agree- 
ment was obtained over a range of relative humidities from 54 to 97%. Interesting 
figures are given showing indoor and outdoor temps. and relative humidities, from which 
it appears that the humidity indoors may be kept below that of the outside air by 
closing the windows during sudden changes (storms), and by the application of ht. 
This is important in telephone exchanges, where the elec. equipment is sensitive to 
humidity. Finally a modification of the recording hygrometer is described, which reg- 
isters relative humidity directly. In this app. a Leeds and Northrup recorder with 
two pens is employed, one for registering dry bulb temps. and the other for relative 
humidity. While both instruments are said to be practical for general use, the author 
emphasizes the need of intelligent care and skill in maintenance of the app. A. F. G. 
The use of conveyors in chemical works. HARTLAND SEyMouR. Chem. Age 
(London), 9, 565-6(1923).—Conveyors may be classed as continuous and pneumatic. 
Continuous conveyors carry the material on a continuous band, have push plates, 
scrapers, pans, slats, or buckets bolted to an endless chain, or are constructed on the 
principle of a spiral rotating in a trough. The pneumatic conveyor is gaining in favor. 
It has even been used successfully in handling atomized lead, weighing 450 Ibs. (19.6 kg.) 
per cu. ft. (0.028 cu. m.). W. H. B. (C. A.) 
The power-load curves of ball mills. A. O. Gates. Eng. Mining J.-Press, 113, 
485-7(1922).—A simple lab. app. for exptl. work on power-load curves is described. 
The power varies directly with the charge up to half load, reaching a max. at 60-75% 
of the mill capacity. A curve is shown for a cylindrical mill at various speeds and loads. 
Power in ball mills is consumed as (a) friction losses in bearings, and (b) energy spent 
upon the free balls or pebbles within the mill and by them spent upon the ore, or other 
pebbles, or in the lining, or returned to the mill. The friction load is practically const. 
for all loads at const. speed. The h. p. developed by the mill in raising the balls equals 
r’/t & a const., when r = radius of mill. W. H. B. (C. A.) 
Route your materials via air line. F.L. JoRGENSEN. Chem. Met. Eng., 28, 932-8 
(1923).—A study of pressure and vacuum systems of pneumatic conveyance. Each 
may be classified as iow, medium, and high. Layouts are shown for a high-vacuum 
conveying system, and a system with dust filtration; also for handling fertilizer, lithopone 
Pb and bauxite. W. H. B. (C. A.) 
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Kilns, Furnaces, Fuels and Combustion 


Smaller furnaces for pulverized coal. O.iison Craic. Power, 60 [4], 145 
(1924).—One of the handicaps of the use of powdered coal is the necessity of large 


fur. Work on small fur. will require speeding up of the rate of combustion of the coal; 


this in turn will mean higher fur. temp. with refrac. capable of withstanding them. 
A fur. has been constructed where extensive research and exptl. work can be done. 
A portion of the fur. is lined with special refractory brick and a portion with standard 
fire brick for purposes of comparison. A unit powdered coal machine has been installed 
to supply the coal. 
Traveling grates, changing fuels, and self-cleaning. PrapEL. Wédrme & Kalte 
Tech., 26, 81-3(1924).—P. describes and illustrates rather imperfectly a new type of 
traveling grate, in which the links or sections are easily renewable, and which does not 
become clogged with clinker. E. W. T. (C. A.) 
PATENTS 
Tunnel kiln for burning porcelain, bricks, tiles, lime or other materials. N. 
LENGERSDORFF. Brit. 211,894, Feb. 26, 1923. The kiln is heated by oil or gas burners. 
(C. A.) 
Tunnel kiln with steam-generating cooling zone. CONRAD DRESSLER. U. S. 
1,503,750, Aug. 5, 1924. Ina tunnel kiln in which the kiln chamber comprises a heat- 
ing zone and a cooling zone successively transversed 
by the goods passing through the kiln, the improve- 
ment which consists in a steam generating unit com- 
prising water heating elements located in the kiln 
chamber in position to abstract heat from the goods 
as the latter pass through said cooling zone. ] 
Vertical kiln adapted for drying clay, gypsum, etc. A. Bicor. U. S. 1,497,084, 
June 10. 


Geology 

Clay mine reopened. Anon. Chem. Age, 9, 15(1924).—Clay deposit at Benning- 
ton, Vt. has been reopened and is being operated by the Vermont Kaolin Corp. 50,000 
T. had been removed from it since 1865 when opened by Lafayette Lyons. Was 
used as enameling clay, china clay, crude fire clay, and paper coating. Is equal in quality 
to English clays. Has been closed since 1909. The mine is 65 ft. deep and the seam 
is like a damp chalk containing fine silica sand. It is made up into sludge and coarse 
sand settles out while the finer is remrioved by a hydraulic bowl classifier to 350-mesh 
size. The refined kaolin is discharged and sent to the rotary drier. It is expected to 
produce 6000 tons per year with 20 men employed. a. a Ges 

Petroleum possibilities of western Oregon. WARREN De Pre Situ. Econ. 
Geol., 19 [5], 455-65(1924).—Describes drilling in various sections of Ore., and cites 
results to show that, except in the Ashland district, where oil shales are found, the results 
are all negative. From present indications, W. Ore. is a territory of possible but not 
probable petroleum reserve. C. W. O. 

Types of magnesite deposits and their origin. GrorcE W. Bain. Econ. Geol., 
19 [5], 410-33(1924).—Magnesite deposits that are being or have been worked can be 
divided into four types: (1) magnesite as a sedimentary rock; (2) magnesite as an 
alteration of serpentine; (3) magnesite as a vein filling; (4) magnesite as a replacement 
of limestone. Of these only the 2nd and 4th are of economic importance at the present 
time. The most important and complex is that which has been termed the replace- 
ment type. Deposits of the replacement type in at least two cases are normal lime- 
stones replaced by magnesia-bearing soln. emanating from granite magma. A similar 
origin seems to apply to the lesser known Washington occurrence. The solns. were 
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in the form of silicates when they reached the limestones. The sol. at a certain stage 
pptd. out as serpentine and talc, rather than as anhydrous minerals as is usually believed 
to be the case. Almost simultaneously any anhydrous minerals already formed became 
hydrated. Reaction between the limestones and dolomites and the silicate-bearing 
soln. formed magnesite or dolomite, depending upon whether the rock traversed by the 
soln. was a dolomite or a limestone. The wollastonite formed during the reaction was 
carried away in soln. as in the case of the silica in the formation of the magnesite veins 
in the better known deposits in serpentine. The sedimentary deposits seem to be formed 
in salt lakes chiefly by pptn. of the less sol. MgCO; formed by chemical reaction but 
probably helped by evapn. The vein deposits constitute a variety of the ordinary 
fissure vein deposits of magmatic origin. Deposits in serpentine are due to the alter- 
ation of serpentine by carbonated waters, seeming, in most cases, to be of magmatic 
origin. Transportation and selective pptn. are an important feature in forming work- 
able deposits. Magnesite from deposits of sedimentary origin or from deposits in 
serpentine is usually very uniform and free from objectionable constituents. Mag- 
nesite from fissure veins is very ferruginous, due to the presence of FeCO;. Magnesite 
from replacement deposits is variable and requires careful sampling. The quality 
of a shipment is the quality of the poorest piece in it. C. W. O. 
Note on andalusite from California: a new use and some thermal properties. 
A. B. Pecke Am. Mineral., 9, 123-9(1924).—A com. deposit of andalusite occurs on 
White Mt., Inyo Range, Mono Co., Calif. The andalusite rock is coarse granular, 
compact and gray to light pinkish brown. Coarse crystals occur in cavities, having 
the forms k (210) and r (101). The material as mined runs 75-85% andalusite, but 
owing to the presence of corundum chem. analysis shows about 90% Al,O;. Associated 
minerals are: lazulite, pyrophyllite, muscovite, deep blue corundum, microscopic in- 
clusions of rutile, and less abundant pyrite, barite, lazurite in quartz veins, and quartz 
in veins traversing the mass, never in the mass itself. About 70 tons per week are 
mined for use in the manuf. of spark plugs, where a high content of “‘artificial silli- 
manite’’ is desirable. During the burning of the clay-andalusite mixt. all the andalusite 
is converted into “‘artificial sillimanite,’’ 3Al,0;.2SiO. (mullite preceding abstract) 
with an excess of highly siliceous glass. The inversion occurs at about Seger cone 13. 
At that temp. the andalusite grains change to groups of parallel fibrous crystals of 
“artificial sillimanite’’ with narrow strips of glass between. Cyanite goes over to 
interlocking fibers and glass at cone 11. 2.) 
An unusual occurrence of cyanite. R. C. Watuace. Am. Mineral., 9, 129-35 
(1924).—Reddish cyanite occurs in a sedimentary schist series near a granite contact 
at Anderson Lake, in the Reed-Wekusko map-area of northern Manitoba. Associated 
minerals are quartz, micas, chlorite, garnet and staurolite. Conditions favorable to 
the formation of cyanite would appear to be: excess of Al:O;, low alk. and alkali earth 
content and high temp. The stability of the cyanite here seems to be conditioned by 
the nearby igneous contact. B. 2.) 
Geologic literature on North America, 1785-1918. I. Bibliography. J. M. 
NICKLES. U.S. Geol. Survey, Bull. 746, 1167 pp.(1923).—Includes articles of chem. 
interest. CC. A.) 
Feldspar in 1922. F. J. Katz. U.S. Geol. Survey, Mineral Resources of U. S., 
1922, Part II, 251—9(Preprint No. 27, published Mar. 6, 1924). B... (0 4.) 


Chemistry and Physics 
Technology of zirconium and its compounds. F.C. NONAMAKER. Chem. Met. Eng., 
31, 151-5(1924).—A review of the methods of preparation of the element and its oxide 
from the ore, and its application in the metallurgical and ceram. industries. M. E. M. 
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The zenith temperature. J. W. MELLoR. Trans. Cer. Soc. (English), 23, 13.— 
Assuming that known phys. laws hold good at excessively high temps. the highest 
possible temp. is something less than 4 million million deg. abs., or 4,000,000,000,000°C. 

H. F. &. 

The physical properties of clay. S. E. ACKERMANN. Trans. Ceram. Soc. (Eng.), 
22, 3338-43(1922-23).—A London clay of anal.: SiO, 57%, Al,O; 19, Fe.O; 5, CaO 4, 
H:O combd. 9, and sundries 6, was tested for penetration by weighted piles. Three 
sets of expts. were: (a) Square pyramids forced in, point downwards; (b) piles of various 
cross-section, some pointed, and some square or blunt-ended; (c) discs. A close relation- 
ship was found between the law of penetration into clay and into metals. Thus with 
pyramids of square side b mm. long, b = 2.22F% in clay contg. 30% water (the vertex 
angle of pyramid being 37'/:°); and with tin Edwards and Willis found d = 2.186 E’4 
where d was the diam. in mm. of indentation caused by a 10 mm. diam. ball; E in the 
clay formula being the work done in cm. kilos, and, in the tin formula, the energy of 
the blow in Ib.-ins. The connection between the tensile strength of London clay and 


its water content is given as: 
Grains per sq. cm. 


28% water 80 
26 140 
24.5 200 
23 300 

5 13,150 


the percentage of water being calculated from the loss on drying for 2 days at 180°F. 
Expts. on the fortional elasticity of a rolled cylinder 68 cms. long of clay contg. 28% 
water showed that the lower end could be twisted through an angle of 32° and on re- 
lease would return instantly to zero. This could be repeated several times, but if the 
twist was more than 32° the permanent set was equal to the excess of twist over 32°. 
The breaking load of a clay cylinder 23 mm. diam. and 25 cm. long, dried at 180°F., 
and loaded at the center, was 14.87 kilos. Shearing tests showed that coeff. of friction 
of clay is not constant at the same percentage of water, but varies inversely as the 
9.47 
sq. root of the pressure between the surfaces, 4 = —== at 25% water. When a 
Vp 
cylindrical pile is driven into clay, 80% of the load is supported by side friction and 
only 20% by vertical pressure. Pressure of fluidity, obtained by dividing the critical 
load by the area of the disc, is connected with the tensile and shearing strengths (p = 
3.68C + 5.21 f) and as these are factors of plasticity, it is suggested that press. of fluidity 
which is easily detd. be used for comparing plasticity of diff. clays, or of the same clay 
with diff. per cent water. The extrusion of clay through circular orifices showed that 
on doubling the area of orifice the discharge of clay is quadrupled, clay thereby differing 
from water. H. H. S. 
The outlook in chemistry. W.J. Pope. J. Soc. Chem. Ind., 43, 566—71(1924).— 
(Trueman Wood Lecture to Roy. Soc. of Arts.) The sudden development of physics 
during the last 20 years has unified chem. and physics. What were theories or mere 
hypotheses are now actual statements of fact. During the next few years we may ex- 
pect to learn the cause of the great stability of the benzene ring, the basic principle 
underlying tautomerism, the origin of color ia quinones, and why copper, of atomic 
number 29, refuses to form organo-metallic compds., while Zn, Ga, Ge, As, Se, Br, of 
at. numbers 30-35 all combine with methyl radicles. A quantitative explanation of 
the energy changes of chem. reactions, an exposure of the mechanism attending chem. 
changes and particularly catalytic reactions, should be forthcoming. The importance 
of catalysis in bio-chemistry cannot be exaggerated. Research by team work is stressed 
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Instead of Ehrlich’s 606 for syphilis, and Baeyer’s 205 for sleeping sickness, scores of 
thousands of chem. subs. should be systematically studied for all diseases. The Natl. 
Phys. Lab. is initiating a systematic investigation of alloys by studying the alloys of pure 
Fe and Cr. H. H. S. 
Chromates of thorium and the rare earths. H. T. S. Brirron. J. Soc. Chem. 
Ind., 43, 485(1924).—La, Pr, Nd, and Sa, form isomorphous yellow chromates of the 
general formula M *3'(CrO,)s, 8H:O. Variations in soly. allow of fractional pptn. with 
K»CrO,. The tendency to form sparingly sol. double chromates is marked in the cases 
of La, Pr, and Sa. H. H. S. 
The behavior of clays, bauxites, etc. on heating. II. H.S. HouLpsworTH AND 
J. W. Coss. Trans. Ceram. Soc. (Eng.), 22, 344-8(1922-23).—The earlier work (ref- 
erence p. 48, 1924) showed that the shrinkage of clays on heating is not continuous, but 
occurs in well-defined stages, in kaolin notably at 530°, 880°, 950°, and 1050°. The 
present work deals with porosity, sp. gr., and refractive index. Sp. gr. of kaolin is 
2.642 at 110° and 400°; it then decreases to 2.510 at 500° and increases to 2.688 at 1000° 
the largest increase being between 850° and 950°. Porosity is 46.9% at 110° and 400°; 
it increases to 48.5% at 450° and slowly to 51.3% at 1000°. Refractive index is 1.564 
at 110° and 400°, decreases to 1.516 at 550°, is 1.522 at 600° and 1.518 at 650°, and then 
increases to 1.549 at 1000°. This work shows that definite changes in the kaolinite 
mol. occur at 450°, 880°, and 950°, with minor changes at 625°, 680°, and 760°. Den- 
sity and refractive index reach their min. with complete dehydration. H. H. S. 
On the behaviour of kaolin on heating. W. J. VERNADsKy. Trans. Ceram. 
Soc. (Eng.), 22, 398-401(1922-23).—Houldsworth and Cobb’s work (preceding abstract) 
is attacked on the ground that the kaolin used was impure. Mellor’s theory that 
kaolin on heating gives free SiO. and Al,O; is not accepted. The mineral group kaolin, 
feldspar, mica, leucite, etc., contains a complex nucleus Al,SicO; which remains unchanged 
during the various transformns., one into another, which these minerals are constantly 
undergoing. The only case where this linkage between Al and Si atoms is broken 
at a low temp. is in the formn. of laterite, which occurs under peculiar conditions and 
is analogous to a biochem. process. V. supposes that at 420-530°C kaolin forms an 
anhydride Al.Si.O;, leverrierite. At higher temps. the critical point on the heat curves 
corresponds to polymorphic changes in AlsSipO;. Le Chatelier’s exothermic reaction 
at 930-950° corresponds to the destruction of the nucleus and the setting free of mols. 
of SiO.. In a footnote to this paper, Mellor says his work has been confirmed by 
Tammern and Pope (Z. anorg. Chem., 127, 43(1923)) and by Satoh (Sci. Rep. Tohoku 
Univ., 1 [3], 157(1923)) H.H.S. 
Isotopes. ANoNn. J. Soc. Chem. Ind., 43, 636-7(1924).—The following is a list of 
the isotopes now known: 


Masses of isotopes in 
order of intensity of 


Element At. number At. weight spectra! lines 
H l 1.008 1.008 
He 2 4 4 
Li 3 6.94 7,6 
Be t 9.1 9 
B 5 10.9 11, 10 
Cc 6 12.005 * 12 
N 7 14.008 14 
O 8 16 16 
F 9 19 19 
Ne 10 20.2 20, 22 


Na 11 23 


| 
| 
| 
23 
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Mg 12 
Al 13 
Si 14 
P 15 
16 
Cl 17 
A 18 
K 19 
Ca 20 
Se 21 
Ti 99 
V 23 
Cr 24 
Mn 25 
Fe 26 
Co 27 
Ni 28 
Cu 29 
Zn 30 
Ga 31 
Ge 32 
As 33 
Se 34 
Br 35 
Kr 36 
Rb 37 
Sr 38 
39 
Ag 47 
In 49 
Sn 50 
Sb 51 
I 53 
Xe 54 
Cs 
Ba 6 
La 
Pr 59 
Nd 60 
Er 68 
Hg 80 


24 
27 
28 
31 
32 
35 


89... 
107 .! 


114 
118 


32 


121.77 


126 .§ 


130. 


132 


137.: 
138 .§ 
140..§ 
144.: 


167 
200 


The structure of Si. H. CoLuns. 


24, 25, 
27 

28, 29 ( 
31 

32 

35, 37 
40, 36 
39, 41 
40 (44) 
45 

48 

51 

54 
59 

58, 60 
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26 


30) 


6, 68, 70 


, 76, 82, 77, 74 


}, 82, 83, 80, 78 


120, 118, 116, 124, 119, 117, 


85, 87 
88, 86 
89 
107, 109 
115 
122 (1 
121, 123 
127 
129, 132, 
130 (1 
133 
138 
139 
141 


142-150 
164-170 
(197-201 


Clay 


Chem. News, 129, 47(July 25, 1924).—The 


structure studied and proved to be Na-H-H;-H where 


and # are electro-negative forces, 


21) 


131, 134, 136, 128, 


26) (124) 


)), 202, 204 


H. H. 


are electro-positive forces 


H;-H is non-metallic and Na-H is metallic, This 


|_| |_| 
1 |_| 
06 
46 
39.9 
39.1 
40.07 
i = 45.1 
48.1 
51 
52 
54.93 
55.84 
58.97 
58.68 
63 .57 63, 65 
65.37 64, 
i 70.1 69, 71 
72.5 74, 72, 70 
74.96 75 
79.2 80, 73 
79.92 79, 
| 82.92 
85.45 
87 .63 
33 
| 
8 
| 
|_| 
| 
} 
37 
) 
> 
| 6 
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was further proven by tests using the Law of Relative Vol. and Heat Formation. 13.02 

was found to be the commonest vol. of Si. ac. 
The volumetric estimation of vanadium in steel. A. T. ErHeripce. Analyst, 

48, 588-90(1923); S. u. Eisen, 44, 644(1924).—Diphenylearbazide is used as indicator 


in titration with FeSO, and K2Cr.O;. H. H. S. 
Devitrification phenomena. H. KNnosiaucn. Sprechsaal, 57, 234—40(1924); 

J. S. C. 1., 43B, 558-9(1924). H. H. §S. 
Electromotive characteristics of glasses. H.Scnmter. Ann. Physik, 74, 105-35 

(1924). H. H. S. 


Behavior of gases in contact with glass surfaces. D. H. BANGHAM AND F. P. 
Burt. Proc. Roy. Soc., 105A, 481-8(1924); J. S. C. I., 43B, 468(1924). H. H. §S. 
Color reaction between cobalt salts and dimethylglyoxime in presence of sulphides. 
F. anp L. v. TustaNnowsKa. Ber., 57, 762-3(1924); J. S. C. I., 43B, 580(1924). 
—After oxime pptn. of Ni, add NaS to filtrate. Violet shows Co. Delicate to 1 in 
830,000. H. H. S. 
Delicate test for zirconium in presence of titanium. L. BeLLuccr AND G. Savora. 
Atti. I Congr. Natl. Chem. pur. appl., 483-8(1923); J. S. C. I., 43B, 580(1924).—By 
nitroso-naphthol. H. H. S. 
What is the simplest way of calculating pycnometer density determinations. R. 
Saar. Chem.-Ztg., 48, 285-6(1924).—Rapidity in calen. can be gained by utilizing the 
fact that many of the figures used may be expressed as a whole number + a small 
difference. An example will make the method clear: wt. pycnometer full of subst. = 
71.564 g.; wt. pycnometer full of HO = 70.996 g.; difference = 0.568 g.; wt. of H:O in 
pycnometer = 49.925; d. = 1 + (0.568/49.925) ; 0.568/49.925 = 0.568 X (1/49.925) = 
0.568 [(2 X 0.49925 + 0.00150) /49.925] = 0.568 x (0.02 + 0.00003) = 0.01136 + 
0.00002 = 0.0114. Hence d. = 1.0114. Simple equations can be used for converting 
ds. at one temp. to ds. at another. W. H. B. (C. A.) 
Graphite as a metallic modification of carbon. EuGEN RIsHKEVICH. Chem.- 
Ztg., 48, 101(1924).—The metallic character of an element is conditioned by the presence 
of free electrons which make possible the conduction of electricity without simultaneous 
electrolysis of the conducting medium, the carrying of heat, non-transparency and 
metallic luster, and the easy transformation into ions with positive charges. Judged 
by these standards it is shown that graphite may be considered as a metal. 
8. AD 
The preparation of persilicates. A. H. ERDENBRECHER. Chem.-Zig., 48, 310-11 
(1924).—82% H,O,2 added to Na,SiO; yielded a solid substance with an O content of 
15.5%; the material could be isolated and identified by microchem. means. Similarly 
82% with NapSiO;.4H.O, NaSiO;.6H:0, and Na,SiO;.9H2O gave solid reaction 
products, and showed but slight development of heat—unlike the reaction with Na»- 
SiO;. Thus, 1 g. Na:SiO;.6H2O and 0.3 cc. 82% H2O2 gave a foamy mass which, when 
rubbed with alc., yielded a brittle solid of the compn. Na,.O 26.08%, SiO. 26.60%, 
H:0 34.41% and O 12.90%. W. C. E. (C. A.) 
The micro-volumetric determination of arsenic, antimony and tin. A. BRUKL. 
Mikrochemie, 1, 54-7(1923).—By using N/500 I, soln. it was found possible to titrate 
from 0.02 to 1.04 mg. of As within 0.004 mg. of the truth. To obtain this accuracy, it is 
necessary to add I; to the starch indicator so that it is turned blue and to finish the titra- 
tion at the same tint. Similar results were obtained in the iodometric titration of from 
0.08 to 0.84 mg. of Sb. For the titration of Fe*+** satisfactory results were obtained 
with 0.0045-0.51 mg. Fe, TiCl; soln. kept out of contact with air being used. Automatic 
micro-burets were used. W. T. H. (C. A.) 
Flameless surface combustion. J. Ex. Het Gas, 43, 355-9(1923).—An historical 
review, dealing especially with the investigation of W. A. Bone. Application. Jbid., 
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424-8(1924).—Referring to his previous article Ex describes the first surface burner 
by Bone, consisting of a diaphragm through which the mixt. of gas and air was 
blown. Later constructors used grains of fireproof material, heaped up irregularly, 
instead of the diaphragm. Various designs, especially those of the American Surface 
Combustion Co., are described. Theoretical considerations. Jbid., 44, 8-17.—Surface 
combustion is not a catalytical chem. process since the kind of the surface is of little or 
no influence, but is primarily detd. by phys. phenomena, viz.: increased propagation 
velocity of the wave of combustion along the surface, larger heat capacity of the porous 
material, and the very intense mixing of the gases before and after combustion in the 
capillary cavities. These factors cause the low temp. of the flue gases, viz., the great 
heat efficiency in Bone-Schnabel boilers and other surface combustion heated machines. 
3. (C..4.) 
Analysis of products rich in alumina. H. Hu.er. Z. angew. Chem., 37, 255-6 
(1924).—In the analysis of products such as corundum fusion with borax is more satis- 
factory than fusion with either soda or alkali pyrosulfate. Melt granular borax in a Pt 
crucible until a layer 5-6 mm. thick is obtained. Cool, and weigh 0.5 g. of sample into 
the crucible contg. the borax. Fuse slowly, cool and dissolve the melt in dil. HCl. 
The further progress of the analysis is normal. W. T. H. (C. A.) 
BOOKS 
A Dictionary of Applied Chemistry. E. THorpr. Vol. V. Oxygen-Rye. Re- 
vised and enlarged edition. Pp. viii + 722. London; Longmans, Green & Co., 1924. 
Price 60 s. Net. H. H. S. 
Colloid Chemistry. THE SvEpBERG. New York: The Chemical Catalog Co. 
1924. Pp. 265.—This book is in the true line of scientific authorship. Instead of 
retailing second- and third-hand references from other volumes, it describes the author’s 
researches at Upsala, and discusses the work of other people in the light of his own ex- 
perience. The sections are: (I) Formation of the Colloid Particle, (II) The Colloid 
Particle as a Molecular Kinetic Unit, (III) The Colloid particle as a Micell, a micell 
being defined as the particle together with its surrounding or adsorbed molecules and 
ions and probably a part of the surrounding liquid or gas. H. H. S. 
Lehrbuch der Metallographie, Chemie u. Physik der Metalle u. ihrer Legierungen. 
G. TAMMANN. 3d Ed. Leipzig: Leopold Voss, 1923. xviii + 450 pp., 249 figs. M. 
14.50. H. H. S. 
An Account of the Achievement, and the Present State of Knowledge in 
Chemical Science. London: E. BENN. 1924. viii + 281 pp. Price 15s. Twenty- 
four essays written by experts in each selected branch of chemistry. H.H.S. 
Reports of the Progress on Applied Chemistry. Vol. 8. London: Soc. of Chem. 
Indus. Price 12 s.—Contains section on glass, and one on ceramics, building mat. 


and refrac. H. H. S. 
PATENTS 
Removal of brown coloration in china clays. L. A. HoLpEN. Eng. pat. 214,699, 
Jan. 19, 1923; J. S. C. I., 43B, 514(1924). H. H. S. 


Manufacture of red oxide of iron. Danie, Tyrer. U. S. 1,501,873, July 15. 
A method of manufacturing red oxide of iron, which consists in mixing ferrous chloride 
with hydrated ferric oxide in a very fine state of subdivision and passing a mixture of 
air and water vapor over this product at a temperature of 250° to 300°C. 

Process of making lead nitrate and hydrated manganese dioxide. Eric HJALMAR 
WEsTLING. U. S. 1,502,079, July 22. The process of producing hydrated manganese 
dioxide and lead nitrate which comprises reacting manganese nitrate with lead 
peroxide. 


. 
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General 


The X-ray analysis of coal, and a new X-ray examining unit. C. N. Kemp. J. 
Soc. Chem. Ind., 43, 234 T-235 T(1924).—X-ray methods applicable to coal resolve into 
three groups: (1) Bombardment by rays of known penetrating power and intensity, 
and observn. of modifications effected. (2) Examn. by radioscopic, sterioradioscopic, 
radiographic, stereoradiographic, and radiodensimetric methods of the nature and dis- 
tribn. of extraneous matter in coal, based in each case on the varying absorpn. of the 
rays, and detd. visually, photographically, or by ionization methods. (3) Examn. 
of the elementary cryst. constituents by X-ray diffraction. The examg. unit consists 
of a steel tank provided with an insulating lid and contg. a transformer (65,000 volts) 
with a Coolidge tube of the radiator type clamped above it, so that the cone of rays 
from the target of the tube is projected vertically upward, through a glass or Al window. 
The tank is filled with special oil to immerse both transformer and tube. For safe- 
guards in dealing with the rays after emergence, consult recommendations of X-Ray 
and Radium Committee, and Radiolog. Section of (Eng.) Natl. Phys. Lab. 
H. H. §S. 

The French ceramic congress. ANON. J. Soc. Chem. Ind., 43, 721(1924).—Held 
in Paris, June 2-6. Frion and Linke described two years’ tests at Sevres of crude oil 
and tar as liquid fuel for kilns. One kg. of crude oil replaces 7 kg. of wood, a ht. 
economy of over 50%. The time of burning was reduced from 24 to 1l hrs. Natural 
and artificial draughts were discussed. Cazeneuve dealt with discontinuous or cellular 
driers as compared with continuous driers. H. H. &. 

Chemical engineers. A joint conference of the Amer. Institute of Chemical 
Engineers and the British Institution of Chemical Engineers will be held in England in 
July, 1925. H. H. S. 

Comparison of types of fireproof construction. CHESTER L. Post. Jour. W. Soc. 
Engrs., 29 [5], 278-89(1924).—A discussion of types of fireproof construction based 
on the requirements of the Chicago Building Ordinance. The materials considered 
as filling the conditions of fireproof covering are: (1) burnt brick; (2) tiles of burnt 
clay; (3) approved cement concrete; (4) terra cotta. A very clear, condensed presenta- 
tion of mat. and types of construction is given. Of especial interest are the following, 
together with a statement of the advantage, disadvantage and adaptability of each: 
segmental tile arches; reinforced concrete joists with hollow clay tile fillers; reinforced 
concrete joists with gypsum tile fillers; and, flat slab types of construction. Although 
each building has so many variables in building construction that it is difficult to give 
definite rules to select immediately the best type of construction, yet with the type 
of foundation, spacing of columns, clear story heights, live loads and the use of the 
building detd., the kinds of fireproof construction which should be investigated will 
be reduced to a very small number. C. W. O. 

Analysis of cost of types of fireproof construction. ARTHUR F. KLEIN. Jour. 
W. Soc. Engrs., 29 [5], 290-300(1924).—Average costs are given for: (1) a 16-story 
hotel building, where 4 types of construction are considered, including a steel and 
hollow tile construction; (2) a light mfg. building, discussing 3 types of construction; 
and (3) a warehouse, giving cost data on 3 types of construction. The paper deals with 
the advantages on a purely cost basis and not from a consideration of the best type 

The First World Power Conference, representing 30 countries was held at the 
British Empire Exhibition, London on June 30—July 12th. It discussed the potential 
resources of hydroelectric power, oil and minerals in each country, and the generation 
and utilization of power. H. H. S. 

The Internat. Union of Pure and Applied Chemistry, held its annual meeting at 
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Copenhagen, June 26-July 1. The meeting next year will be at Bucharest, Roumania 
(J. S.C. I., 43, 718-19(1924)). H. H. S. 

Powdered-coal firing for water-tube boilers and metallurgical furnaces. H. W. 
Houianns. Proc. Inst. Mech. Eng., 1923, 1143-51.—The two chief systems in use are: 
(a) the central system (favored in America) and (5) the unit system (important in France 
and England). In (a) the fuel is delivered from a central storage bin by cyclone fans. 
Resulting disadvantages are: (1) high first cost due to grinder, air-separator, screw- 
conveyor, cycle fans, bins, driers, etc.; (2) size of the plant; (3) danger of explosion of 
stored powd. coal. In the unit system each boiler or furnace has a pulverizer. This 
is said to result in low first cost, smaller space, no risk of explosion, and in case of break- 
down, only one furnace is affected. Machines of the grinding or crushing type must 
have coal with a moisture content down to 1%. ‘The machine described can take coal 
with 8% moisture. Excessive moisture is removed by hot air from the combustion 
chamber. Power required for operation with 460, 1100, 2700 Ibs. coal per hr. is 7.3, 
14, 37 h. p., respectively. About 2% of the power developed is used by the pulverizer. 
Excessively fine crushing results in lowered efficiency. A gravity pocket avoids the 
use of a magnetic separator. In practice, too high velocity of the coal causes scouring 
of the brickwork. CO, should be kept at 16% or over. The C content of the ash should 
usually be under 1% and never over 2%. Coal was used successfully with an ash con- 
tent of 43.7%. Powd. coal is considered as flexible in use as oil or gas. Actual repairs 
usually come to about 1.5 d. per ton of fuel burnt. Much additional data are tabulated 
and charted. C: G. 4.) 

BOOKS 

Reference List of Bibliographies: Chemistry, Chemical Technology and Chemical 
Engineering Published since 1900. Compiled by Julian A. Sohon and W. L. Schaaf. 
New York: H. W. Wilson Co. 100 pp. $1.50. Reviewed in Jnd. Eng. Chem., 16, 


543(1924). (C. A.) 
HAINBACH, RUDOLPH: Pottery Decorating. New York: D. Van Nostrand Co. 
2nd ed., revised. 256 pp. $3.00. (C. A.) 


BOOK REVIEW 


English Pottery. Its Development from 
Early Times to the End of the Eighteenth 
Century. By BERNARD RACKHAM and HERBERT 
ReaD. With an Appendix on the Wrotham 
Potters by Dr. J. W. L. GLAIsHER. Illustrated. 
141 pp. and 115 plates. New York. Charles 
Scribner’s Sons. $30. 

A beautiful, large-paper book, handsomely 
printed and made and illustrated with rare 
beauty. The authors, both of whom are mem- 
bers of the staff of the Victoria and Albert 
Museum and authorities of high standing on 
this subject, have made a real contribution 
historically and critically to the story of the birth 
and early growth of artistic handicraft in the 
first of the English-speaking nations. They go Plate, inscribed ““The rose is red, 
back to the very earliest relics of the potter’s the leaves are green. God save Eliza- 
art in England, in the twelfth century, and beth, Our Queen.’’ Dated 1602. 
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follow its development through 600 years, until the beginning of the industrial era 
and machine-made wares. Throughout they treat the subject from a critical viewpoint, 
revealing the development of taste and skill, tracing influences from within and without 
the country and endeavoring to establish artistic standards for the appraisal of early 
ceramic products. 

The basic principles of criticism which they apply to these early native wares are 
these: That when the intention is utilitarian any departure from utilitarian form weak- 
ens the esthetic appeal; that there must by symmetry of form or some more subtle bal- 
ance; that to be really good a vessel must possess a certain vitality growing out of its 
lines and masses and their ability to suggest ‘‘movement, rhythm, or harmony, which”’ 
they add, ‘‘may indeed be the prime cause of esthetic pleasure;’’ that in its decoration the 
vessel, whatever its form, should be treated as blank panel and decorated appropriately. 


Dish, red earthernware, decorated Dish, red earthernware, covered 
in white slip under a yellowish glaze. with a dark brown slip and deco- 
Staffordshire, second half of seven- rated in white and olive, with the 
teenth century. subject of the fall. About 1670. 


The great Danish authority, Dr. Emil Hanover introduced his survey of English 
wares with the statement that “English pottery is, at the height of its development, 
certainly English—from the point of view of material an original and national product— 
but a product much more of industrial enterprise than of industrial art.’’* * * Such 
criticisms as these are hardly just to what some will reckon to be the purest, if not always 
the most beautiful, work of the English potter. They take too little account of the 
nature of pottery and of the technique natural to the material of which it is made. Like 
most other arts, that of the potter had a humble birth in meeting purely utilitarian 
needs, but from the first it was potentially, no less than painting or sculpture, a means 
of esthetic self-expression through the work of the hands. 

When the Anglo-Saxons came they brought with them the rudiments of the potter’s 
art and to these the Roman occupation added the use of the potter’s wheel and some 
primitive kind of kiln. 

The chapter devoted to the Middle Ages and the Tudor times follows the develop- 
ment of pottery through those centuries, with descriptions of many pieces in museums 
and collections. Next the authors take up the English tradition in English pottery, 
study the influences from other countries and from within England itself that shaped its 
development, describe methods and the work of the chief potters through the seventeenth 
century. After a survey in a long chapter of the influence of foreign work, especially 


*} 
, 
1A‘ . 
> 
i 
} 


BOOK REVIEW 303 


majolica and delft, the authors arrive at the age of industrialism, which they study at 
some length, devoting a final chapter to Wedgwood and the Neo-Classical Age. It is 
the conviction of these authors that English art of all kinds, including that of the pot- 
ter, has shown a remarkably individual character as compared with that of the Conti- 
nent. They find no lasting extraneous influence on English pottery until toward the 
end of Elizabeth’s reign, when tin enamel, the distinctive characteristic of majolica, 
faience and delft, was introduced. At about 
the same period came from Germany the 
method of making the semi-vitrified pottery 
called stoneware. The discussion and descrip- 
tion of these two influences and of individual 
examples of wares produced is full and rather 
elaborate. 

The estimate of Josiah Wedgwood’s work 
and of his influence on the art of pottery in Eng- 
land is notable for the fullness of knowledge on 
which it is based, its high critical standard and 
its eminently fair and judicial spirit. The au- 
thors say that he “‘is indisputably the outstand- 
ing figure in the history of English pottery,” 
and they consider it ‘“‘only an accident of time’’ 
that his name is always associated with the 
introduction of classical models. The classical 
revival was the result of the great archaeologi- 
cal discoveries in the latter part of the eight- 
eenth century, and Wedgwood’s mind, they 
say, was of that inquiring and enterprising 
stamp which made it inevitable that he should 
seize upon the possibilities of popular appeal in 
classical figures and scenes. And he had that 
gift for organization and for procuring effi- 
ciency in production that makes the modern 
captain of industry. ‘“‘Wedgwood was the first Punch bowl, enameled earthen- 
English potter,” say the authors, “to employ ware, painted in blue, with Chinese 
the energies of a large part of his factory staff Jandscapes. Inside the Arms of the 
as a regular thing in the making of vases solely City of Liverpool and the inscription 
for ornament; at the same time he first gave “Tomas Bootle, Esquire, member of 
serious attention to increasing the efficiency of parliament for Liverpoole, 1724.” 
his useful articles from a purely utilitarian 
point of view. To this end he made division of labor and standardization a condition 
of commercial success in the pottery industry not only of Staffordshire and England, 
but of the whole world.” 


The illustrations comprise 207 figures reproduced in 115 page plates, of which twelve 
are in color. The pottery examples which they picture are treasured pieces in British 
museums and collections and the wide extent of the studies and knowledge of the authors 
is indicated by the fact that they have found these pieces in more than a dozen different 
museums and over twoscore private collections. They illustrate the development of 
British pottery down through the centuries from the fourteenth to the eighteenth. 
Many of them are of great beauty and all of them are examples of the reproductive art 
at its artistic best. 


The New York Times, “Book Review,” July 20, 1924. 


Publications for Sale 


Journals 
Volume I (1918) $6.00, 60c per issue 
Volume II (1919) 6.00, 60c per issue 
Volume III (1920) 6.00, 60c per issue 
Volume IV (1921) 8.00, 75c per issue 
Volume V_ (1922) 8.00, 75c per issue 


January and June 1923 issues are out of print. Remaining 
copies are sold at 75c each. 

January and February 1924 issues are out of print. Other 
copies $1.00 each. 

20% discount is given to members on the above. 


Transactions 
Volumes 2, 5, 8, 9, 10, 11, 12, 14, 18 and 19 are out of print. 
Volumes 1, 3, 4, 6, 7, 13, 15, 16 and 17 can be purchased at 
$5.00 net per copy. 


Seger’s Collected Writings 
Volumes I and II, $7.50 net per volume 


Collective Index to Transactions 
$1.50 net per copy 


Report of the Committee on Standards 
Reprint from Year Book 1922, 50c net each. 


Branner’s Bibliography 
A Bibliography of clays and the ceramic arts, published in 
January 1906. Copy will be sent upon receipt of 12c postage 
to cover. 


Silica and Magnesite Bibliographies 
Sent to members upon receipt of 12c postage. 
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About a year ago we located on one of our properties a large deposit of high 
grade clay—a new quality. The clay has since been subjected to laboratory 
and commercial testing with most satisfactory results, and we are now ready 
to offer it to the trade, with full data as to its working qualities. 


“ATLAS” Ball Clay can be depended on for uniformity of quality. The 
deposit is 50 feet thick, and the clay has been proven uniform throughout the 
entire thickness. Ninety-five per cent of the material handled is a commercial 
product, and this means a low cost. This is without doubt one of the most 
uniform large bodies of clay yet discovered. 


“ATLAS” Ball Clay can be depended on to improve the color of any white 
ware body. Its iron content is only 0.064, nearly as low as the iron content of 


the best grade of English China Clays. 


“ATLAS” Ball Clay can be depended on to decrease losses. It is a very 
strong clay in the clay state, and due to its good color it can be substituted for a 
portion of the china clay with a resulting increase in the strength of the body 
and decreased losses in the clay state. It will not fire crack as it has a very low 
combined water content and an open grained texture. 


We shall be pleased to have an opportunity to furnish you samples and further 
information. 


R. T. VANDERBILT COMPANY 
50 East 42nd Street, New York, N. Y. 
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WHAT BENEFIT DO YOU DERIVE FROM ANNUAL MEETINGS? 


The annual meetings of this Society are for the purpose of collective 
consideration of technical and scientific problems, theories and facts. 
Much of this is accomplished in an orderly way through scheduled papers 
and discussions. It is the formal programs that make our meetings definite 
in results and effective in purpose. Programs are essential. 

But by no means are all the benefits of these meetings derived from the 
formal progiams. ‘The closest confidences and best exchanges are in the 
‘‘button-hole chats” and the private room “round-up.” A meeting without 
these informal ‘‘get togethers” of a few kindred spirits would be lacking 
in much of the personal inspiration for which the annual meetings of this 
SocIETy are noted. 

The success of these annual meetings is dependent upon a hearty co- 
operation of many. It does not rest entirely upon the two hundred per- 
sons who contribute the papers. An interested audience is essential. 
Participation in the discussion with citations of observations and recita- 
tion of theories by several hundred persons is essential. All of these 
together are necessary to an informing and inspiring meeting, but the 
first essential is the program of papers. 

The provision of an instructive program of papers should be a matter 
of concern to every member of the Society and to every firm represented. 


| 

| 

| 
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The value of these meetings and of the Journal is dependent on the papers. 
It should be remembered that these are mutual enterprises in which each 
has an obligation as well as an opportunity. 

It is very human for plant executives to withhold from publication the 
results of observations and investigations. Especially is this so if these 
investigations have been costly and if the results are directly responsible 
for a better product or lessening the cost of manufacturing. This editorial 
is not a criticism of this attitude and action of plant executives, but is 
prompted by the belief that the plant executives are thus withholding more 
from themselves than they are from their competitors. 

In the first place, a coéperative enterprise like this SocreTy cannot be 
effective without coéperation. Each must do his share. Each must con- 
tribute to the general fund of information. 

And second, there is no person, or manufacturing organization which 
does not continually profit from the published findings of others. The more 
progressive and prospering manufacturers believe it to their advantage to 
stimulate the searching for and the publishing of facts relating to their 
peculiar problems by reporting some of their own findings. The non- 
industrial investigators are anxious for the problems known to be of in- 
dustrial value. A reported research almost always causes a widespread 
research activity on that problem. 

In the third place, successful manufacturing depends more on the knack 
of application than upon the knowledge of the principles and methods in- 
volved. Where manufacturers of like wares exchange information most 
freely concerning their methods and mixtures they continue with the same 
differences in manufacturing methods and have suffered no loss through 
increased competition. On the other hand, manufacturers of like products 
have benefited through free exchange of information and have maintained 
their usual margin of profit. They have raised the standard of their prod- 
uct and increased their markets. It is the experience of all groups who have 
thus codperated intimately that each has profited, none has lost and the 
satisfaction derived from a better product at a lower cost has made co- 
operation worth while. Every manufacturing organization has more to 
gain than to lose through participation in the meeting programs and 
through publishing in the Journal. The gain comes from the exchanging 
with the others and from the stimulation which is thus afforded to the 
many university and bureau investigators. It would be an indication 
of an unproductive technical staff if there were no investigations which have 
only an indirect bearing on the product or on the special methods employed. 
Reports of results of such investigations are of value as general information. 
They constitute the instructive meeting programs and make the Journal 
valuable. 

Withholding from participation in these programs is in fact withholding 
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much from self. Each person and each company would profit directly 
through participation in these annual meeting programs. 


THE ECONOMIES IN JOINT CERAMIC RESEARCH 


The unanimity of approval for an institute for ceramic research by the 
trade press expresses opinions of all those who have “‘thought this question 
through.”” That the ceramic manufacturers should be federated for the 
purpose of solving their common problems is no longer doubted. R. D. 
Landrum, president of the AMERICAN CERAMIC SOcIETY, has gone a step 
further in his suggestion that since it is deemed profitable for trade associa- 
tions representing manufacturers of heavy clay products to organize into 
a separate institute, similar institutes of each group of ceramic products 
should be formed and all federated under a joint advisory and fundamental 
research directorate. There is enough in common in many of the problems 
and in the fundamental principles involved, to warrant such a federation. 
The success of this Society in federating these separate interests assumed 
by some to be diverse and too much unlike, is proof of the feasibility and 
of the economy of a ceramic research institute which in fact would be a 
federation of all ceramic manufacturers through their respective trade 
associations and institutes. 

Our first recommended economy in ceramic research was that of a Cer- 
amic Institute. The heavy clay products group of trade associations 
has already begun organizing their institute to be known, probably, as 
the Clay Products Institute. The whitewares manufacturers could with 
equal profit organize a ceramic Whitewares Institute and the glass manu- 
facturers, a Glass Institute, each being a federation of trade associations. 

President Landrum’s economy recommendation is that these several 
group institutes should be federated into a general Ceramic Institute. 
The officers, libraries and personnel could thus be together on an orderly 
coéperative basis. This would reduce overhead costs and increase the 
productiveness of each. 

Our third economy recommendation is one which is already favorably 
considered by the heavy clay products group; that of employing the 
research facilities already available in the federal state and endowed educa- 
tional and research institutions, rather than setting up a laboratory owned 
and operated exclusively by ceramic manufacturers. 

Other economies which will be had in scientific and technical research 


through a federation of the several groups, readily suggest themselves. 
Most of these are economies in the related problems and in the funda- 
mentals common to all. Of large additional value return to the ceramic 
manufacturers would be the increased research activity in silicate chem- 
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istry and physics which would surely follow from the massed influence of 
a general federation of all the group institutes through a common head, 
the American Ceramic Institute. 

There is power and economy in coéperation. A central research pro- 
motion and advisement with decentralized interest and support through 
each distinct group provides for the maximum force and economy to be 
had through coéperation and for the direct and personal problems of each 
group. This scheme of decentralized activities through a central coérdinat- 
ing head is the scheme of organization of the AMERICAN CERAMIC SOCIETY 
Each of the seven Divisions is self-constituted and managed but all are 
coérdinated through the central organization. This provides for the 
maximum freedom to each Division tg develop and to do for its constitu- 
ents, and for the large economies and increased forcefulness to be had 
through coérdination. 

We continue our promotion of ultimately having an American Ceramic 
Institute in which each group will participate for its common good and the 
maximum economies. We believe this to be vital. Not until this federa- 
tion of all the separate groups shall have been accomplished will ceramic 
science and technology be most economically and surely progressed. A 
centralized collaboration with decentralized special interests will be most 
impressive alike to fundamental investigators and the plant technologists. 
Thus each industrial group would have its special purposes served in the 
manner it shall decide and at the same time profit through the centralized 
or combined recording, searching and promoting agency. 

This is real economy in the ‘‘reduced overhead expenses” and in the 
“increased overhead efficiency” obtained through coérdination and collab- 
oration. President Landrum’s proposal is the best and most forward 
reaching proposition yet made. We continue our boosting for an American 


Ceramic Institute. 


PAPERS AND DISCUSSIONS 
DISCUSSION ON PLASTICITY! 


By E. C. BINGHAM 

Dr. BINGHAM: I have been greatly interested to have Mr. Cooke tell 
of the work which he has been doing. I had no thought of addressing 
you on the subject of plasticity myself although I shall be glad to attempt 
to answer any questions which may be raised. 

The main thought that has grown from our work is of the illusory char- 
acter of viscosity measurements when applied to suspensions and emul- 
sions. The ‘‘viscosity’’ means practically nothing when the shearing 
conditions are not stipulated. Plasticity is a complex property made up 
of at least two variables and, therefore, it is highly improper to identify 
viscosity with plasticity or in any other way attempt to represent the 
plasticity as a simple property. 

I have tried to find some way in which one can relate to each other 
yteld value and mobility, but I believe that they are independent variables, 
which together make up plasticity. In suspensions of clays in water, 
for example, it may be possible by changing the concentration to obtain 
identical yield values, but they will not have identical mobilities and 
vice versa. 

Plasticity is, therefore, a loose term which may continue to be used just 
as heretofore, and when it is to be given quantitative meaning this must 
be done in terms of yield value and mobility. 

Mr. CooKE: I would suggest that Dr. Bingham tell us a little more 
about the properties of plastic substances that he has worked, on the con- 
centration of zero yield value and the concentration of zero mobility and 
their interpretation. 

Dr. BINGHAM: If the yield value and mobility are fundamental prop- 
erties of solids which may be measured with precision, I think that the 
interpretation of these properties for a given industry will follow as a matter 
of course. How it will work out in the ceramic industry I do not know, 
although I may offer the following suggestion from our work on paints. 
We utilized paints for study largely because the dispersion medium, 
linseed oil, is non-volatile. Lithopone seemed suitable as a disperse 
phase. In Fig. 1 are shown the mobilities and yield values plotted against 
the weight concentration. Starting with the fluidity of linseed oil, the 
mobility is constantly lowered as the pigment is added to oil, until finally 
the mobility reaches a zero value. 

If the mobility concentration curve is linear, it is only necessary to 
know the fluidity of the oil and the mobility of one concentration of paint 
in order to calculate the mobility of any mixture. We can also calculate 


1 Presented at the Atlantic City Meeting, Feb., 1924 (Enamel Division) 
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the concentration of zero mobility, point D in the figure, where close pack- 
ing takes place. 

It is apparent that beyond the concentration of zero mobility any shear 
must be of a different character, since there is no longer sufficient dis- 
persion means to fill the pore spaces. 

The yield value also increases with the concentration and this increase 
over a considerable range appears to be a linear function of the concen- 
tration. The concentration of zero yield value A is where there is the 
transition from viscous liquid to plastic solid. The point of zero yield 


value is probably dependent on the size of the particle. This concen- 
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tration is of importance as an indication of the adhesion between the 
pigment and the oil or between the particles of the disperse phase. The 
yield value-concentration curve is not linear at low concentrations for 
some reason which is not yet understood, so that the yield value-concen- 
tration curve B E O bends off toward the origin. These yield values are 
small but they must be taken into consideration. Below the concentration 
of zero yield value the flow may be spoken of as pseudo-plastic. 

MR. SWEELY: Mr. Chairman, a question has occurred to me on this. 
Very often with an enamel which is a clay suspension carrying quite a 
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large quantity of powdered glass, we have this condition, that the enamel, 
we will say, runs. And in order to correct that we will add a flocculating 
medium such as magnesium salts or something of that kind to correct 
that condition. And the addition of that salt will very often result, if 
an excess is added, in the enamel becoming quite stiff. Now the quantity 
of water present will affect the amount of flocculating agent of medium 
necessary to stop the enamel running. In other words, a very small 
amount of flocculating medium or what we call a rather dry solution 
(that is where the water content is low) will bring about exactly the same 
effect as if the solution was high in water and we had a rather large amount 
of flocculating medium. 

I was wondering how that would work. For instance, in the manipu- 
lation of our enamels if we were dipping enamel with high content of 
water we would have a rather large amount of magnesium sulphate to 
set the enamel up. Obviously we would not get as much glass onto the 
piece of ware (and that is the thing we are after) as we would where the 
enamel is dry and the flocculating medium is added. 

Dr. BincHaM: The fact that the enamel becomes stiff on adding magne- 
sium salts indicates that there is a large increase in yield value. It is 
quite possible that the mobility is changed but little. 

Thus in a lithopone suspension made up in mineral oil Jacques found 
that 0.2% of oleic acid lowered the yield value 80%, without affecting 
the mobility. 

It is highly desirable that some one take a series of clays or enamels 
of different plasticities as measured by practical tests and determine how 
great a correlation there may be with the yield value or mobility or both. 

In paints it was found that most paints are made up to have the same 
yield value without any regard for the mobility. In these enamels the 
opposite may be true. The clay is added, if I am correctly informed, so 
that the enamel will stay on the ware which would indicate that a high 
yield value is desired. Possibly the mobility is of little or no moment in 
this work. Exact measurements alone can answer. 

Mr. Poste: It was mentioned that one of the problems in connection 
with flat surfaces was apparently this very one. I am wondering if it 
would be too much to hope for a curve of yield point versus mobility for 
a given type of work, establishing a proper curve and then feeling reason- 
ably sure that if you get a combination of water content and setting up 
(as Mr. Sweely has spoken of) that that will bring your relation of yield 
point to mobility on a predetermined point or curve, thus giving reason- 
able assurance of good working qualities. It seems to me that that would 
be possible on a thing that is standardized like the table top industry. 

Dr. BINGHAM: In our investigation of paints we tried to establish some 
relation between the yield value and mobility. As stated, what we found 
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was that in general the yield value fluctuated within a very narrow range. 
If in enamels the yield value must also have a certain value, either by the 
use of flocculating agents or otherwise, the solution of the problem will 
be simpler than is suggested by Mr. Poste. 

If on the other hand the yield value and mobility are both to be specified, 
it is quite possible to specify the arbitrary limits for each one. I am in- 
clined to believe that the yield value is the important thing in enamels 
as in paint, because the yield value is necessary to hold the enamel on 
the ware. 

CHAIRMAN STALEY: That is what I understand. The yield value is 
the deciding factor and the mobility may go up or down as it may, but it 
has no effect on the dipping qualities of the enamel. 

Dr. BINGHAM: That may be the case. 

Mr. LINDEMANN: In dipping paints, especially in panning, I notice that 
the painters use hydrometer tests almost exclusively. I have been wonder- 
ing whether that test was a correct one for them to use, and also whether 
the hydrometer test would give an indication of our enamels. 

Dr. BrncHAM: The hydrometer gives the specific gravity from which 
the concentration can be calculated from the specific gravities of the 
components. If the plasticity curves of Fig. 1 were known by preliminary 
investigation of the materials, it is obvious that a determination of the 
specific gravity would be sufficient to fix the yield value and mobility. 
But unless the degree of flocculation is always the same and the particle 
size obtained on grinding as well, one could not depend on being able to 
calculate the yield value and mobility from curves as in Fig. 1. 

Mr. LINDEMANN: The reason I am bringing that out is that practically 
all the japanners have used that for years. When they buy japan it is 
pretty thick and they thin it down with benzine. If it is too thin, they 
will put a little more japan in until they get the same hydrometer reading 
that they have used before. And they seem to have successful results. 
It may not be correct but it does the work. 

CHAIRMAN STALEY: I may say that our use of hydrometer readings 
in connection with the work of enamel slips has not proven satisfactory. 

Mr. SWEELY: That has been my experience also. The hydrometer 
would enable us to predict the yield value and mobility in an enamel if 
we did not flocculate the clay. It is the flocculation of the clay that inter- 
feres with the use of specific gravity. I have tried repeatedly to standard- 
ize enamel by taking specific gravity of the enamel slip. But as soon as 
you add a flocculating agent the whole series of specific gravity tests are 
upset. 

H. D. CusHMAN: I would like to ask Dr. Bingham whether there is 
an apparatus in existence which would enable the enameler to quickly 
determine the status of his enamel. We have been trying for about a 
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year to develop an apparatus that would give us a certain fluidity. If 
a man could quickly determine in the plant whether his ground coat was 
in proper status, that would be a good thing. 

Dr. BINGHAM: Mr. Cooke has obtained very good results with his very 
simple apparatus. Possibly that is not quick enough. We have been 
experimenting at Lafayette on measuring the time required to fill different 
portions of a long capillary tube under a constant pressure. A plasticity 
measurement can be completed in a few minutes and a fluidity can be 
measured in a few seconds. But no effort has been made to adapt the 
instrument for plant use. Eimer and Amend are selling a plastometer 
but it is not as simple or quick to use as the forms described above. 

Mr. CusHMAN: Will the fineness of grinding have a very changeable 
effect on that apparatus? 

Dr. BINGHAM: Fineness of grinding as well as flocculation have a very 
great effect on plasticity. But I believe that the apparatus can be used 
with a considerable range of particle sizes. The material should be 
screened to take out coarse extraneous material. 

CHAIRMAN STALEY: Enamels are ground sometimes to pass a sixty- 
mesh sieve and sometimes to pass a two hundred-mesh sieve, although 
the concentration by weight is the same. 

With any diagram or standard such as Mr. Poste has suggested, the 
fineness of grinding should be specified as well as the concentration. 

Mr. TYLER: A very important factor in the matter is to find some way 
to stabilize enamels in the slushing pan. I think if the matter of grinding 
were given serious consideration in its relation to the fineness of the enamel 
we would get an answer to this question. We all know that an enamel 
changes as soon as it is put into the slushing box and that there are no two 
hours in the day when it is absolutely the same, unless it is being worked 
with all of the time. 

Insofar as paints and enamels are concerned, I think that they are en- 
tirely different. You can no more measure them together through the 
same meter than you can oil and water together. 


THE TRANSLATION OF PYROMETRIC CONES 
TO TEMPERATURES! 


Mr. Booze: I asked to have this discussion given on the floor not be- 
cause I had anything to give, but because I hoped to get something out 
of it. The refractories manufacturers are concerned in the use of cones, 
not only in firing their ware but in testing it. The cones are used very 
differently in those two respects. In the first place, they want to control 


1 Presented at the Atlantic City Meeting, Feb., 1924 (Refractories Division). 
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the heat in their kiln, and that brings up the same problem they have in 
the other Divisions. With respect to the test for softening point, there is 
no criticism whatever of the standard cones. The problem is in the cor- 
rect utilization of the results obtained. Many manufacturers insist on 
using the fusion point as corresponding to the temperature that their brick 
will stand in an industrial furnace. We know that that is not true and I 
doubt if we can ever use the fusion point in that way. It might be pos- 
sible to determine in a test of long duration where a brick did soften enough 
to flow and use that data in the manner described. However, this would 
complicate the test considerably and some data that I have indicate 
that even the present test requires more careful supervision than is ordi- 
narily given it. 

Five samples were sent to each of four different laboratories for fusion 
point determinations, considerable care being exercised in preparing the 
samples so that one lot was, to all practical purposes, identical with each 
of the others. Each of the laboratories to which the samples were sent 
was experienced in making this test, so that the results obtained may 
be considered as being representative. On the first sample the fusion 
point reported varied from cone 32 to cone 33, the second from cone 30 
to 33, the third from cone 28'/, to 30, the fourth from cone 26 to 27 and 
the fifth from cone 29 to 31. These differences are considerable and while 
I do not doubt but that each laboratory would be able to check its own 
results, it is evident that either the test is not sufficiently well defined or 
that the fusion point cannot be accurately determined within limits of 
less than two cones. We have found in our laboratory that we can check 
this determination within a half cone in nearly all cases and for this reason 
I feel that the methods used in conducting the tests were responsible for 
the differences noted, but until the conditions are satisfactorily standard- 
ized, the inaccuracy of the test should be recognized and proper allowance 
made either in interpretation of results or in fusion point limits written 
into specifications. 

I understand that the Bureau of Standards contemplates an investiga- 
tion whose purpose is the determination of the time-temperature relation 
for the softening point of standard cones. It would be advisable for them 
to determine and publish an accurate temperature scale for the softening 
point of.the standard cones when the test is carried out at the heating rate 
specified in our standard methods for tests. There are two temperature 
scales in use now, neither of which is accurate and which differ considerably. 
It is rather common practice for manufacturers to give the fusion point 
of their product in degrees rather than in cones, the temperature being ob- 
tained by them by reference to a table after the fusion point had been 
determined in cones. The temperature which is assigned varies accord- 
ing to the scale used. For this reason a standard scale is necessary in 
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spite of the fact that the fusion point temperature is accurate only for the 
prescribed rate of heating. 

GENERAL ORTON: I think that Mr. Booze has well pointed out the fact 
that to use a cone as a guide in burning clay ware is one thing and to use 
it as a mode of determining the ultimate fusion point of a ceramic mixture 
with a view to attaching a temperature tag to the test is quite a different 
thing. You are all ceramists and chemists and you will know that in- 
herently the fusion point of the mixture of dissimilar minerals cannot be 
made a very accurate determination of temperature because so many 
factors enter into it; the size of grain of the mineral, the way in which they 
react on each other, and firing conditions, all mitigate against exactitude 
in the process of the solution of one mineral in another. That, after all, 
is what the softening and bending of a cone means, gradual solution of the 
minerals in it until the mass becomes more like a fluid than a solid, and 
bends. 

From my own standpoint and after some twenty-seven years of contact 
with making cones I feel an increasing regret that Dr. Seger in starting 
this work ever attached the idea of temperature to the use of his cones. 
I think it would be much better and we should have been farther along 
perhaps in our appreciation of the case if he had not done so. But the 
mischief is done; the cone stands before the world in some degree as a 
mode of measuring temperature and it is too late for us to attempt to get 
rid of that impression. 

I have in all my pronouncements on this subject, advertising matter, 
and private correspondence, always minimized the temperature idea as 
much as possible and frankly called attention to the defects of the cone or 
any similar material as a time-temperature proposition and not tem- 
perature alone. I was rather amused and a little chagrined recently to 
find out that because I had taken that ground so frankly in what I have 
printed and circulated on the subject that some of the public are inter- 
preting that as a disclaimer of the quality of my material product and imag- 
ine that the other is all right. I hardly like to have that inference made. 

In the firing of ceramic ware the cones are used as a guide. You are 
submitting the ware to a comparison against a material in which a similar 
series of reactions is in process. If you are firing fire brick the grain is 
coarse and the mineral combinations are slow, but after all it is a process 
of gradual solution or hardening caused by the solution of one mineral 
in another and that is what the cone is doing. So that it seems to me to 
be possible to establish a relationship between the cone where long firing 
processes are concerned and the slow reaction time is made use of and the 
similar degree of hardness or stability in the body that you are trying to fire. 

It does not mean to say the correct firing temperature in the kiln and 
the melting point of the cone have any other than a fortuitous relation 
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to each other but if you find, for instance, that cone 16 gives you a time- 
temperature treatment at the end of which the fire brick show good phys- 
ical qualities you will not need to establish any other connection. For 
that purpose I think the cones serve as well as they do in whiteware or 
any other. 

When you make a fusion test the situation is quite different. The fusion 
test of a fire brick is a different thing entirely from its actual use. Actual 
use is strung out over long periods of time usually from a few days to many 
months and the time factor is more extended perhaps than in any similar 
case we could illustrate. But when you are determinirig the fusion point 
of fire brick you destroy all of that set of conditions. You pulverize 
the fire brick to a minute powder, prepare a test piece, put it into a small 
furnace and bring the temperature up rapidly to the point of ultimate 
softening. Now the cone is doing the same thing and it is possible there- 
fore to establish a fairly exact relationship between the melting of the cone 
and the melting of this ground pulverized mixture composing the fire brick. 

The information thus obtained does not mean that the fire brick could 
be used at that temperature. The information we have is an arbitrary 
thing and not very directly translatable into service temperatures of 
the product. But the trade, I imagine, demands that there be some idea 
of relative fusibility of fire brick and therefore, to meet that, this test has 
been devised by fire brick makers and users to get at something to show 
that one fire brick will actually fuse at a different temperature than an- 
other fire brick though neither one of them is actually used at their fusing 
temperatures; or that the fusing conditions if obtained at all are attained 
in the long-time reaction, in which the time factor is almost infinite. 

I indicated in the early part of my statement that it is unfortunate that 
the temperature idea is so insistently connected with the use of cones but 
since it is, the only logical thing to do so far as applying the cone method 
to the determination of the fusing point of refractory materials and prob- 
ably to other purposes is to establish under accurately controlled condi- 
tions by the best methods available the fusing point of the cone mixture. 
But you will, of course, understand that if that is done it has to be hedged 
about with a very exact set of specifications. The cone itself must conform 
accurately to the size of the crucible in which it is fired, must conform 
accurately to size, and the wall of the crucible must be just so; the oppor- 
tunities of radiation of heat by which it is surrounded must be so; the time 
factors must be accurately controlled both in the preparatory stage of the 
firing and later. The rate of temperature increase per hour or minute 
must be known. All of these things have to be done if you are going to 
tie a temperature tag on the cone. If all these things are done I believe 
that you will find that the fusing point of the cone can be stated quite 
accurately and that the cones will come down at that exact temperature. 
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But that does not mean that somebody else who has not that series of 
equipment and who is willing to devote that amount of time to the process 
would get the cone fusion at that temperature. 

Of course, the application of the temperature to fusion of refractory 
cones is somewhat more difficult than it is in a lower series because of the 
pyrometic difficulties themselves; the various points beyond which you can 
distinguish with the naked eye what is going on. That is much more difficult. 

I do not wish to give you the impression that I think this test should 
not be made. On the contrary, talking with a number of you I have 
rather been switched to the point of view that some good results and some 
educational may be had by going into it. I think those who clamor for 
the use of temperatures in connection with cones will perhaps gain a truer 
perspective of the whole subject of accurate comparison being made. It 
will show how many factors are not now appreciated. 

I take the cone somewhat seriously, not as a scientific tool, but as a 
great practical convenience. ‘There can be scarcely any doubt of that in 
view of the constant increase in the use of it over a long period of years. 
Twenty-seven years is quite a while. The curve of use has gone steadily 
onward all the entire period and does not seem to show any indication of 
stopping. That could hardly be unless people got a definite value out of 
it. But the greatest value will be gotten out of it if we realize in the be- 
ginning just exactly what it is for and try to use it for that purpose. 

In connection with the Bureau of Standards I will coéperate, if allowed, 
with that organization or with any other organization that the AMERICAN 
CERAMIC SOCIETY wants to utilize in having tests made to show the rela- 
tion existing between the foreign-made cones and the American-made 
cones. I am perfectly willing to facilitate that by furnishing materials 
and advice so that we can establish as nearly as possible the relationship 
between the different series. I am not very optimistic about any great 
concrete value coming from such tests. I think you ought to look the 
facts in the face and use the cone for what it is good for and not attempt 
to make it do things for which it was not designed. 

Mr. Howe: I have felt for some time too, we are well in need of some 
educational work in connection with the use of cones. In fact the AMERI- 
CAN CERAMIC SOCIETY on one or two occasions sent small mimeographed 
copies explaining the strong points and weaknesses of the cones. In the 
refractories industry more than probably any other, the cones are used 
to a large degree in the sale of products as well as in the manufacture. 
We find as we get up to the higher temperatures the published fusion 
point varies considerably. They agree pretty closely to cone 20, but the 
old series carries the 20°C jump whereas the new ones have a 50°C jump 
between cones so that they will vary approximately 70°C. It really places 
the progressive manufacturer to a disadvantage. 
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A progressive man, you might say, having a product fusing at cone 32 
can go out and say his product fuses around 3100°F, but the man using 
the old scale and having a brick fusing at cone 30 can go out and cite 
3218°F, a difference there of 118°F. So we have tried to bring that point 
out and familiarize manufacturers with that discrepancy. 

I believe in the application of the cone fusion test results. They go 
to their customer who has a report of 3218°F. (That is a familiar one.) 
He will immediately know that is cone 32 on the old scale and he can trans- 
late it in terms of the newer scale if he is using that. Another thing we 
have tried to bring out is the fact that the whole temperature scale at the 
time the older values were assigned was considerably higher than it is 
now. I believe that platinum was one of the standard points several 
years ago and it was considered as melting at 50° or 60°F, higher than it 
is considered at this time so that the whole upper range has been thrown 
off for that reason. 

Coming back to the purely manufacturing standpoint I do not believe 
that there is anybody using pyrometers who does not check them or the 
cones with the pyrometers. It seems to me if a set of well standardized 
time-temperature curves were broadcasted to users of cones, it would at 
least show that the time was as great a factor almost as the temperature. 
By having a set of curves perhaps corresponding to the rate of heating up 
fire-clay brick which is fairly uniform and then going to fairly standard- 
ized period of oxidation which is not so great in this industry, that a man 
could find some curve there that would nearly hit his condition. If he 
insisted on knowing his kiln temperatures he could estimate it more reason- 
ably than he can at the present time. 

It seems as though rather than trying to get specific information along 
these lines that the educational work suggested by General Orton is a 
thing we ought to back up and as soon as possible for the benefit of the 
man who really wants to ‘earn their advantage. 

CHAIRMAN Harvey: I think Mr. Booze brought out the point from 
which the difficulty arises. If we only had one scale of temperature at- 
tached to cones, it would not make any difference what it was. We 
would speak the same language. Most of us appreciate the limitation 
and advantages of cones for measuring heat values and the trouble we are 
in is that one manufacturer and consumer specify a certain temperature 
which we have to translate into terms of cones and we do not know what 
scale they are working on. So if we can bring about a standardization 
which will be adopted by both the manufacturer and the industry as a 
whole, personally I do not think it makes any difference what it is— 
whether it is direct or indirect. So long as there is one of them, the cone 
number is as good as anything else. 
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DISCUSSION ON “IMMISCIBILITY IN HIGH SILICA MELTS”! 


By J. W. Greic 


Dr. BowEN: Hitherto the glass making oxides have for the most part 
been regarded as completely miscible. It is not so long ago that some 
glass makers thought that the lead-rich layers forming in the bottom of 
pots of flint glass were due to immiscibility but I do not think that anyone 
would urge that now. They are due to differential melting and settling 
of a heavy liquid not yet mixed but when it is mixed in any way it will 
remain mixed. 

What I want to speak of now is a different matter—something that will 
not mix, just as oil and water will not mix. The story of this investiga- 
tion goes back several years to a time when I myself was investigating 
the system, magnesia-silica. In that work it was found that in very sili- 
ceous melts the liquidus of cristobalite rose very steeply and suggested a 
very high melting point for cristobalite. Later Ferguson redetermined 
the melting point of cristobalite and found that, while it was considerably 
higher than had been supposed, it was not as high as the steep liquidus 
suggested. 

On account of the temperature limitations of the platinum furnace the 
cristobalite liquidus had not been followed above 1650°C in any system. 
Several systems investigated showed the same very steep cristobalite 
liquidus, which fact, taken in conjunction with Ferguson’s value for the 
melting-point of cristobalite (1710°) proved that the liquidus of cristo- 
balite in all these cases must flatten in a very remarkable manner in com- 
positions close to pure silica or that the liquidus is actually discontinuous 
as a result of the formation of two immiscible liquids. Having a platinum- 
rhodium resistance furnace at our disposal which would enable us to work 
at temperatures above those attained by the platinum furnace, it was 
decided to investigate the exact shape of the cristobalite liquidus at the 
higher temperatures where it had not hitherto been studied. 

As a result of this work it was found that in some systems there is indeed 
a discontinuity in the cristobalite liquidus, due to the formation of two 
liquid layers. The systems in which the exact form of the cristobalite 
liquidus has been determined are the following: CaO-SiO., MgO-SiOs, 
SrO-SiO2, BaO-SiO:z. In each of these except the last it has been found 
that there is a high silica region in which two immiscible liquids are formed. 
With BaO there is a remarkable flattening of the liquidus but immisci- 
bility is not shown. 

A preliminary examination of the systems, Na,O—SiO, and K,O-SiO, 
has also been made and, while the full details of the shape of the liquidus 


1 Presented by N. L. Bowen at the Atlantic City Meeting, Feb., 1924 (Glass 
Division). 
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of cristobalite in these systems is not determined, enough has been done 
to show that there is no region of immiscibility. 

Dr. INSLEY: Could you imagine such a case in which the silica liquid 
was the dispersed phase and the low silica was the dispersion medium? 

Dr. Bowen: I can imagine such a case but we have never found it. 
Probably it has something to do with the surface tension phenomena. 
Even when we have a very large excess of the lime phase it occurs as glob- 
ules, with thin films of the other phase. 


DISCUSSION ON “THE SYSTEM AlI,0;-SiO,”' 


A. A. Kiern: I think this paper is an exceptionally fine contribu- 
tion. The Norton Company have been doing quite a little work with 
alumina-silica fusions of the general composition of sillimanite. When 
working to the ratio AlsO;.SiO. with the purest raw materials we had, 
we invariably ran into crystalline material, supposedly sillimanite, contain- 
ing 6 to 10% glass. This did not seem of particular significance because 
glass has been reported as a usual constituent of artificial sillimanite. 
However, within the past few months, we have been working with com- 
positions on the high alumina side of the Al,O3.SiO2. formula. For in- 
stance, a fusion with a composition of 75% Al.O; and 25% silica should 
give on the basis of the Al,O;.SiO, formula an excess of corundum equal 
to 30%. Asa matter of fact, we estimated not more than 2-3% of crys- 
talline alumina present. We first thought that the analysis of the batch 
was wrong but in checking up the analysis it was found correct. We 
were, therefore, led to the assumption that there existed either a solid 
solution of alumina in sillimanite or else that artifical sillimanite was not 
Al,O3.SiO, at all but of a composition richer in alumina. 

About that time Dr. Bowen presented a paper at the Geological 
Society which practically cleared up the whole situation, indicating the 
existence of 3A1,03.2SiO2. and showing that so-called artificial sillimanite 
was of this composition rather than that of the natural mineral, wz., 

Pror. WiLson: As I brought out this morning in discussion of the paper 
on sillimanite, our work in melting batches of sillimanite in the electric 
furnace in 200 or 300 pound lots has checked up with Dr. Bowen’s results 
very nicely. We have found, however, that the 3Al,03.2SiO, sustaining 
melting incongruity is hardly checked up by our results. We have pro- 
duced a great many ingots of that composition and of higher Al,O; and in 
no case have we found any corundum. 


1 See N. L. Bowen and J. W. Greig, Jour. Amer. Ceram. Soc., 7 [4], 238(1924). 
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Dr. Bowen: It is all liquid, then cooled. Crystallization may not 
begin until you get down to 3A1,03.SiO2, in which case you get corundum. 
You have to hold it for a considerable time to get the desired form. We 
always work in that way until we obtain the equilibrium. 

Pror. WiLson: In making a big melt it cools comparatively rapidly. 
Would you expect us to get any corundum at all until the mixture is well 
above the 3A1,03.SiO, ratio of alumina? - 

If that sustains melted incongruity it would not act as a pure chemical 
substance and melt down from the sides but it would tend to slump more or 
less. In our tests we have always found that 3A1].0;.2SiO. would also 
melt down as a cake of ice—melt down from the sides. The cone would 
actually melt away at the melting temperature, whereas if the material 
melted along that cooling curve you would get a series of liquids supporting 
solids and it would be a case of slumping rather than actual melting. 
In that respect only do our results not bear out your large scale experi- 
ments. 

Dr. BowEN: When you heat or cool a thing very rapidly you need 
not get the equilibrium conditions. Very much more melting will go on 
than does go on at a given temperature. 

Pror. WiLson: As I understand it, your 3 alumina 2 silica combina- 
tion is not a chemical compound. 

Dr. BowEN: There are many other types of compounds that have 
this incongruity. Not only do you get alumina in that 3 to 2 combination 
—you get it in the one to one. You get natural sillimanite. 

ProF. WILSON: Starting lower than one to one, and bringing the alumina 
up and above three to two, we do not get any corundum, but when we have 
gone above the two to three ratio, the corundum appears. 

Dr. Navias: Has the viscosity of the SiO. and Al,O; mixtures been 
determined? Of course the viscosity will greatly influence the time ele- 
ment sufficient for the formation of crystals. 

Dr. BOWEN: We have tried to make glasses of these mixtures for the 
purpose of determining their viscosity partly to know what they are and 
partly to determine the composition of their liquid phase, sometimes a 
very useful thing. We find it impossible to cool the glass rapidly enough 
to prepare a glass beyond the one to one proportion. We have prepared 
glasses of silica and on over in the neighborhood of one to one composition 
making a very minute amount and letting it fall under the furnace. Be- 
yond the one to one ratio you cannot cool rapidly enough even to get it 
to glaze. The viscosity affects the crystallization very materially and the 
rate of crystallization indicates the viscosity increases regularly from the 
point one to one and presumably over to an alumina. It may not be a 
linear change but certainly there is a general increase in the viscosity 
going toward silica, a decrease in going over to alumina. 
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MISBRANDING RAW MATERIALS AND CERAMIC CHEMICALS 
FOR GLASS MANUFACTURE! 


Dr. SILVERMAN: My attention was first called to misbranding during 
the war, although it had undoubtedly existed for many years. I happened 
to be at a glass factory at a time when a beautiful specimen marked ‘‘Nitre 
Cake’”’ was brought in and placed on the president’s desk and he decided 
at once that he was going to order some since the dirty looking South 
American nitre was very scarce and costly and he could get this for two 
cents a pound. I told him if he would send empty freight cars to some of 
the nitric or hydrochloric acid plants that he could get all he wanted by 
paying the freight; that it was not nitre, that it was a by-product of the 
nitric acid industry, and that if he ever introduced it into a pot of lead 
glass he would regret the day he began the experiment. I have been 
on the watch for such cases ever since, and in the course of my work 
during the last five years have run into a number of materials which 
were misbranded. 

One of the worst acts in the whole lot is the selling of an article which is 
called synthetic ‘‘cryolite,’’ which, according to analysis contains fluorspar, 
sodium silicofluoride, feldspar and quartz or sand. It sells at about 
six and one-half cents a pound and there area lot of gullible manu- 
facturers buying it. One of the members of the Glass Section of the 
Society said that it serves the manufacturer right if he pays the price 
for this material instead of having a chemist in control of the work in his 
plant. 

In a single instance, where we made the anlaysis and substituted the 
materials themselves instead of buying synthetic ‘‘cryolite,”’ so-called, 
the cost per pound was reduced from six cents to two cents, and the saving 
in a single glass, of which only three or four pots were made per day, was 
over $5000 per annum. You can get a pretty good chemist for that sum 
and the glass manufacturer ought to realize what the purchase of such 
material means. 

There is another preparation which is sold together with formulas for 
the making of the glass, which contains plaster of Paris, sodium silico- 
fluoride and feldspar. It also sells at six and one-half cents to seven cents 
a pound. There was also an earlier mixture, known as Opaline, which 
brought a good price. 

I do not know that we can object to the sale of a material or a mixture 
of materials under a trade name because that is business for the fellow 
who is clever enough to put it over, but we certainly can object to the 
misbranding of an article put on the market as cryolite that contains no 
cryolite. I believe that the AMERICAN CERAMIC SOCIETY ought to go on 


1 Presented at the Atlantic City Meeting, Feb., 1924 (Glass Division). 
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record asking for the enactment of a law governing commercial chemicals, 
in much the same way as food products are governed by the Food and Drug 
Law. 

Dr. SHIVELY: This suggestion of Dr. Silverman is really a fine one. 
I have visited glass plants and have had occasion to get in their mixing 
rooms and find out what they have. You would be surprised to know 
the number of them that have fallen for these so-called preparations, 
that as has been explained are being exploited. You would be surprised 
to know how many people have bought them and have never tried them 
out. They buy them, influenced by the salesmanship of the man selling 
them, and after they get them, they put them aside to be used some time 
later. 

Dr. Shively, Dr. Silverman and Mr. Blau were appointed to write out 
the resolutions and reported as follows: 


RESOLVED: That the Glass Division of the AMERICAN CERAMIC SOCIETY urge the 
United States Government to enact a Jaw similar to the Food and Drugs Act, controlling 
interstate shipments of ceramic chemicals for the purpose of preventing misbranding 
and adulteration of said chemicals and raw materials. Further, that other Divisions 
of the AMERICAN CERAMIC SocrETy be asked to take similar action leading if possible 
to a resolution to be presented by the National Society. 


Mr. Mopes: What does that cover? 

CHAIRMAN: Ceramic chemicals. 

Mr. Mopes: What compounds do you expect to control? 

Dr. SHIVELY: That controls, as I understand, all raw materials and 
chemicals that enter into the manufacture of ceramic products. I might 
say that since this resolution was drawn I found out through a representa- 
tive of one of the large houses here that there is already a law which controls 
misbranded interstate shipments, providing anybody wishes to push it. 

Mr. Mopes: It is not expected to cover a man who makes a compound 
or a preparation? 

Dr. SHIVELY: No. 

Mr. Moopes: If he ships feldspar and it is sold as that and not under 
some mysterious name? 

Dr. SILVERMAN: If a man wants to sell something under a trade name 
and the glass manufacturer wants to buy something under a trade name, 
that is not covered by our Resolution, but he cannot sell a mixture of 
substances which do not contain cryolite as synthetic cryolite. Syn- 
thetic cryolite has a definite composition and it is supposed, according to 
the specifications of Griinwald and others, to contain a certain percentage 
of cryolite. If he wants to sell something under a trade name, for instance, 
Opaline, that is his business. He is selling a mixture for coloring some 
ceramic product but he cannot call it cryolite if it is not cryolite. 
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If an act already exists which covers this, our resolutions should be 
changed urging the enforcement of that act rather than the creation of 
a new one. 

The resolution was amended as follows: 


RESOLVED: That the Glass Division of the AMERICAN CERAMIC SOCIETY urge the 
United States Government to enact a law, or enforce one if already existent, similar 
to the Food and Drugs Act controlling interstate shipments of ceramic chemicals and 
raw materials for the purpose of preventing misbranding and adulteration of said ki 
chemicals and raw materials. Further, that other Divisions of the AMERICAN CERAMIC 
Soctety be asked to take similar action leading if possible to a resolution to be presented 
by the National Society. : 


Resolution carried. 


DISCUSSION ON “CONDUCTIVITY OF SODIUM CHLORIDE 
IN SODA LIME GLASS”! 


Mr. GREENE: May I ask if the glasses melted showed any signs of 
opalescence ? 

Dr. SILVERMAN: The glass was not an opal glass at all. It was a 
crystal glass. 

Mr. GREENE: The chloride had no effect in producing opalescence? 

Dr. SILVERMAN: No, there was no opalescence except in a few instances 
where there was a small amount of devitrification around the electrodes. ; 
We attributed that to unusual conditions and in those cases the determina- 
tions were discarded. In the majority of instances we had a clear melt 
and there was no devitrification. We found when we got beyond 1.41% 
sodium chloride content that the salt would form a separate liquid layer 
and then the results had to be discarded because we were getting the con- 
ductivity of the fused salt as well as that of the solution in glass. 

DR. SHIVELY: I come in contact with a number of opal manufacturers 
who use calcium sulphate. They claim that it has some effect in increasing 
their opalescence. In this work of yours did you find that the presence 
of electrolysis had any influence on that? 

Dr. SILVERMAN: I have found in research on opal and alabaster glasses 
that the moment you introduce chloride or a sulphate there is that effect. 
There is a tendency to precipitate a certain amount of material and in- 
crease the density of the glass) Of course, there are various theories that 
have been advanced. One is what we were trying to prove here, that salts 
in solution in the glass ionize and precipitate the colloid. The other is 
that it is entirely an oxidation phenomenon and the latter has some sup- 
port. For example in an investigation that was conducted a few years 


! See Willard J. Sutton and Alexander Silverman, Jour. Amer. Ceram. Soc., 7 [2], 
86(1924). Discussion presented at Atlantic City Meeting, Feb., 1924 (Glass Division.) 
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ago an alabaster glass that was left in the pot long enough to become crys- 
tal lost color entirely. At the suggestion of a workman in the plant we 
played a stream of air on the surface of that glass because we were told that 
the air would cool that glass down and that when it was melted again it 
would be alabaster. It seemed incredible that a thing like that should 
happen as it did. I looked over all of my batches on opal and alabaster 
glasses to see whether oxidation played a part. There was not one batch 
in which we did not employ an oxidizing agent. If we used sulphates at 
high temperatures as oxidizing agents when the chlorides were used alone 
we got no opalescence, and no alabaster effect unless nitre was introduced 
or some other oxidizing agent. Even with a chloride and an oxidizing 
agent there is the possibility that the increased opalescence is the result 
of oxidation and not the effect of electrolytes in solution. 

Mr. Payne: I was trying to find a substitute and an improvement 
over arsenic as a clarifier. We tried potassium chlorate in small quanti- 
ties and substituted in a small experimental tank a bleaching powder, cal- 
cium oxychloride. We put in all of the CaO which ran to about 8% 
of the total in the form of oxychloride with no sign of opalescence resulting. 

Dr. SHIVELY: A number of manufacturers in making flint glass use as 
high as 25 pounds of sodium chloride to a thousand pounds of sand. They 
claim it prevents the formation of scum. I know of one place where every 
manufacturer in that immediate district used sodium chloride. There is 
a lot of sodium sulphate being used to prevent scum but in one particular 
location a number of them used sodium chloride. 

Dr. SILVERMAN: Is the temperature high enough to drive off the salt? 

Dr. SHIVELY: 2700°F. 

Dr. SILVERMAN: I should think they would find it difficult to drive 
off salt; it would create a high tank corrosion. 

Dr. SHIVELY: They are doing it right along. They are using it regu- 
larly in one locality. It seems that some man tried it out and found that 
it gave him good clear glass and free from scum. He notified the other 
people in that immediate vicinity about it and they are all using it now. 

Dr. SILVERMAN: Of course, you have an advantage in the use of floats 
inatank. Any chloride layer on top stays out of the working end of the 
tank, but you can hardly get over 1'/2%% sodium chloride into solution 
and the surphus is going to form a liquid on top like oil on water. 

Dr. SHIVELY: ‘Twenty-five pounds of chloride would not be a great 
amount to 1000 pounds of sand. 

Dr. SILVERMAN: You are beyond the sodium chloride solubility limit, 
you will find. 

A MEMBER: You speak of the solubility limit on sodium chloride in 
such glasses. That varies with the temperature. You speak of 1.41. 
Can you give us any idea at what temperature that holds? 
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Dr. SILVERMAN: The curves show the conditions under which the 
experiments were run. The maximum temperature in this particular 
series was 1100° to 1150°. 

A MEMBER: And then that figure holds at the maximum temperature? 

Dr. SILVERMAN: Yes, it holds at that temperature. We actually 
found a salt layer on the surface of the glass when we got beyond 1.41%. 

A MEMBER: Does the solubility decrease with temperature? ¢ 

Dr. SILVERMAN: It becomes slightly less, but this was the greatest 
amount we could introduce at any temperature within the limits of our 
investigation. 


REFRACTORIES QUESTION BOX 


E. E. Ayars, Eprror 


Questions 


1. Does the grinding (coarse or fine) have anything to do with the resistance 
of a fire clay to spalling? 

2. What difference is there between the properties of a soft mud machine-made 
and a hand-made brick? 

3. Can an iron-free clay brick be made for blast furnace service? 

4. Will results in service justify the expenditure and added cost necessary in 
order to make fire-brick mixes from definite percentages of definitely sized clay grains? 

5. What effect do soluble salts (such as show on red burning clays as scum) 
have on the refractoriness of fire brick? Are the silicates formed with such salts in 
burning of low refractoriness? 

6. What effect do sand and air inclusions (commonly called sand cracks or 
molding cracks) incident to hand molding, have on the service of hand-made fire brick? 

7. What is the cause of rapid failure of fire brick in the checker work baffles 
of oil-fired boilers, subjected to a temperature of 2300°F but against which the oil 
flame does not impinge? The failure consists of premature vitrification and carbonizing 
with subsequent fusion. Is this a result of subjecting the brick to a reducing atmos- 
phere? 

8. What is the reason for the more rapid failure at a lower temperature of fire 
brick subjected to reducing atmosphere than will obtain with the same brick under 
oxidizing conditions? 

9. What is the relative spalling tendency of fire brick under reducing and oxi- 
dizing conditions, respectively? 

10. At what temperature does fire clay break down into sillimanite and quartz? 
Are the crystals thus formed actual sillimanite or are they the newly discovered mineral 
3A1,03;2Si02? 

11. What properties should a clay brick possess to give good service in rotary 
cement kilns? 

12. What properties should a clay brick possess to give good service in vertical 
shaft lime kilns? 

13. How can the water content for wet pan charges be gaged? 

14. What simple laboratory tests can be used to keep the quality of refractories 


up to standard? 
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Question 


At what temperature does fire-clay brick break down into sillimanite and quartz? 
Are the crystals thus formed actual sillimanite or are they the newly discovered 
mineral 3Al,0;2SiO. which has been called mullite? 


Discussion 


“In general number | fire clays dissociate into aluminum silicate and glass. 
The probable composition is 3Al,0;2SiO.. The temperature at which 
crystals of the latter appear distinctly enough so that they can be distin- 
guished optically, ranges from somewhat under 1300°C to above 1350°C. 

“Concerning the composition of aluminum silicate, our experience with 
fusions of the products running high in so-called sillimanite compositions 
verify the work of Bowen and Greig.! We assume that their findings hold 
true in porcelains and in fire-clay refractories. 

“Our experience has been that the formation of this crystalline constit- 
uent progresses during the service of the brick under high temperature 
conditions. In no case, however, unless there be the fluxing action 
materials introduced extraneously, do the crystals of aluminum silicate 
grow to a large size and to perfect development.’’—A. A. KLEIN, Norton 
Company. From joint notes of Herbert Insley and A. A. Klein. 


Hewitt Wilson states that Bowen and Greig have answered the question 
regarding the composition of the aluminum silicate formed in fire clays 
under high temperatures. His letter proceeds as follows: ““We have no 
data on the development of mullite in fire-clay brick for we have been 
working with purer materials carried to melting temperatures in the elec- 
tric furnace. We did get the mullite-corundum crushed fragments to 
re-crystallize as low as cone 20 in an oil-fired furnace. 

“We do not believe that the development of mullite in the ordinary fire- 
clay brick has much effect on the internal structure of the brick because 
the quantity of crystalline material is too small to produce strength by an 
interlocking of crystals when compared to the amount of amorphous ma- 
terial plus fused glass. 

‘““Mullite crystals will form in high temperature silicate fluids, such as 
the Orton cones, or at low temperatures in such liquids as melted PbO, 
provided the alumina-silica ratio is high enough. Crystalline glazes can 
be produced by making a super-saturated solution of mullite in PbO 
glass.”,"—-HEwITT WILSON, Univ. of Washington. 


Question 
What is the relation of this formation of 3Al,0;2SiO, and silica glass mentioned by 
Bowen and Greig to the condition seen in fire brick after long service in high temperature 


1N. L. Bowen and J. W. Greig, “The System Al,O;-SiO,,”’ Jour. Amer. Ceram. Soc., 
7 [4], 238; 7 [5], 410(1924). 
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brick kilns and flues, when the greater portion of the brick appears to be black glass with 
occasional white flint clay grains or quartz particles? 


Discussion 

“The black glass found in fire brick after long service at high tempera- 
tures often contains mullite crystals but unless the latter form a thick coat- 
ing on the surface to retard slag attack, they cannot be of much impor- 
tance. In our tests with purer materials, even small amounts of glass 
produced ‘internal lubrication’ of the crystalline structure and we believe 
that this accounts for the ear slumping of the first artificial ‘sillimanite’ 
refractories.”’—HEwItTT WILSON, Univ. of Washington. 


‘“The condition where the brick appears to be a black glass with occa- 
sional white flint clay grains or quartz particles seems to us, without hav- 
ing examined the product, to be a case of fluxing, probably as a result of 
reaction with constituents of the combustible. We have had occasion to 
examine the back of a fire-clay piece in contact with an oil flame for a long 
period of time. This was coated with a milky white vitrified substance 
which was found to consist of a clear glass containing well-developed silli- 
manite needles. In this particular case the flux was soda, which was found 
in very small amounts in the oil.”—A. A. KLEIN, Norton Company. 
Further discussion of these questions has been solicited but is not now 
ready for publication. Those readers interested are requested to contrib- 
ute to the discussion for an early number of the Question Box.—Ed. 


Question 


Will results in service justify the use of super-refractory brick, and the added ex- 
pense necessary in the proper fabrication of such a refractory? 


Discussion 


The following extract from private correspondence with a furnace 
engineer and designer gives some figures and reasons why a super-brick is 
desirable in certain cases. 

“There are a number of water-cooled ports used in open hearth furnaces 
in this country and none at all in Europe. The ports are extremely ex- 
pensive and require considerable attention. They wear out rather fre- 
quently. The only reason they are used is because when ordinary fire 
brick of the best grade are used it does not permit the forcing of the fur- 
nace which is so much desired in this country. For example, if an O. H. 
furnace costing, with all the equipment that goes with it, about $1,000,000 
can be forced so as to yield 25% more steel per year, the investment of 
$1,000,000 will yield a gross income 25% greater but a net income of 
probably 50% greater. The cost therefore of a high grade fire brick is not 
an important consideration in comparison to its value if it will do the work. 
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“In certain other types of furnaces we would arrange the ports and the 
combustion chamber in a more efficient manner if we could get refractory 
materials that would stand the service. We are continually modifying 
our designs so as to meet the limitations of the fire brick we have to use. 
Then again in certain types of furnaces where the heat is extremely high, 
in fact in almost all types of furnaces where the temperature is over 2700 °F 
we are obliged to use a crown that is but nine inches thick. We do this so 
that a large portion of the heat will be wasted by radiation and leakage 
through the roof and thus prevent the hot side of the roof from becoming 
over-heated. If we could get a brick that would stand 3000° continually 
we would build the roof with an extra rowlock of brick over it to hold the 
heat in. Our furnaces would then be more efficient. In many cases 
it would save at least 10% of the fuel. This of course would amply jus- 
tify the use of an expensive fire brick.” 


Question 


What properties should a clay brick possess to give good service in lime kilns? 


Discussion 


‘To cover the matter of lime kiln linings a discussion of several pages in 
length would be required. Briefly, there is to the writer’s knowledge no 
one type of refractory which is best suited for all types of lime kilns. This 
is represented in a great variety of service conditions such as, method of 
firing, kind of fuel, kiln output, temperatures obtained, analysis of stone, 
kiln design, etc. For instance, for a shaft kiln, we are apt to find different 
refractory service requirements for the fire box and the burning zone, which 
is a variable in the kiln itself, and again refractory requirements may vary 
from kiln to kiln, depending upon whether the furnace is hand fired or gas 
fired. 

‘‘There are also types of vertical lime kilns in which the kiln is fired not 
by having fire boxes at the base, but by mixing coke with the charge and 
the combustion takes place in the main chamber proper. Briefly the mat- 
ter of refractories for vertical is covered as follows: The chief requirement 
of the lining for the uppe1 zone is that it resist abrasion or wearing action 
of the stone and that it be only moderately refractory. For the portion 
of the kiln extending from eight to fifteen feet above the fire box, the brick 
must necessarily be of high refractoriness, at the same time showing good 
mechanical strength and resistance to abrasion, and also have a moderate 
resistance to spalling action. 

“Under certain conditions, where either the stone is somewhat impure 
or where very high temperatures are obtained, it is often economical to 
use a high alumina type of liner, which is more inert to the chemical action 
of the. charge. 
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“With respect to the rotary type of lime kiln, the lining for both firing 
and cold zone must resist abrasion or wearing action and the lining in the 
firing zone is, perhaps, on the whole, subjected to higher temperatures and 
to more severe chemical action than is true in the case of the vertical 
kiln. This fact has led to the extended use of the super-refractory of high 
alumina type of rotary hot zone liner in the lime industry. 

‘The whole problem, therefore, of refractories for lime kilns dissolves 
itself into the matter of analyzing each service condition.” —L. C. HEwirr, 
Laclede-Christy Clay Products Co. 


Question 


What is the cause of the swelling of fire brick in the hearth of a lead blast furnace 
after the furnace has been blown out and is allowed to stand idle? 

Will a high alumina brick resist metal absorption in a lead furnace? If so, what is 
the minimum alumina content required in such a brick? 

What is the best type of refractory brick for lead blast furnace work? 


Discussion 


The following data is submitted to give the preceding question on lead 
furnace refractories a background and does not attempt to answer or dis- 
cuss them. The information was secured from an operator of a battery of 
lead blast furnaces. The furnace construction includes the customary 
fire-brick hearth, water cooled jackets at and above the tuyéres, and a 
fire-brick stack of rectangular cross-section. 

Some years ago considerable experimental work was done in re-lining 
the furnaces to find a refractory which if possible would cut down the metal 
absorption. It was felt that if some such brick could be found it would 
pay to use it even though the first cost of the brick were high. The highest 
absorption occurs in the lead crucible and is apparently unavoidable on 
account of the great weight of metal contained. In addition to the 
mechanical difficulties introduced by the expanding brickwork, the re- 
smelting cost and the interest charges on precious metals tied up in the 
lining is quite an item. ‘There is more or less slag absorption above the 
metal line and in the slag pocket. 

' In the search for a non-absorbent refractory many brands of first grade 
brick from all sections of the country were secured and installed in the 
most painstaking manner. Accurate records of the weights of all brick 
used were made, both before installation and on tearing out. No apparent 
difference in lead absorption was noted in any of the brick per unit of weight. 

After trying several brands of first quality and a few brands of intermedi- 
ate duty brick, one product was selected as giving promise if it were ground 
finer and fired harder. Accordingly brick were secured which were made 
by three different processes (dry press, stiff mud, hand made repress), the 
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ingredients being finely ground and the brick fired very hard. These 
three types of brick were installed in the same lead crucible together with 
hard fired, coarse grind, grogged brick regularly furnished by this manu- 
facturer, a quarter of the lining being made up of each kind of brick. At 
the end of the run a few whole brick of each kind were removed. ‘There 
was no apparent difference in the amount of lead absorbed by any of the 
brick. 

Brick tested in the first general investigation included some from the 
Missouri, Kentucky and Pennsylvania fields and were nearly all made 
from normal fire clays. No alumina content higher than 35% was 
noted. Some intermediate duty or low duty brick with silica content 
ranging from 60 to 72% were also used. The cheapest and most accessi- 
ble brick is now in satisfactory use and there appears to be no reason 
for making a change unless further test of the recently developed high 
alumina brick should show an advantage over the cheap brick in service. 
The following analysis is typical: SiO. 69.6-, Al,O; 24.6-, Fe:O; 1.3-, 
CaO 1.9-, MgO 1.6-, loss 1.0—-, fusion cone 29-30. 

Fire brick swell considerably as they absorb metallic lead making 
necessary a more or less flexible expansion joint between the water cooling 
jackets and the stack. This consists of two courses of reversed wedges of 
magnesite brick which permits adjustment. The stack must be self- 
supporting. As soon as the expansion joint is closed entirely the hearth 
must be rebuilt and the smelting zone relined. 

When the brick have become completely impregnated with lead there 
appears to be no tendency for the metal to go through to the wall or jacket 
as in the case of copper penetration, but the brick continues to swell and 
absorb more lead. 

If a furnace is operated for several months until the brickwork is filled 
with lead, then blown out and allowed to stand idle for a time, the hearth 
and lining will continue to swell and puff up. If allowed to stand long 
enough the expansion joints would gradually close up tight and require a 
rebuilding of the furnace. The brick do not go to pieces, probably on 
account of the complete impregnation with lead which being ductile allows 
the further expansion without rupture, and the furnace may be blown in 
again if required provided the expansion joint is wide enough to warrant 
it. 

Metallurgical coke is used for fuel, which is mixed with the charge of 
roasted ore. About 30% of scrap iron is added to the charge to facilitate 
the melting. 


Discussion of the questions listed above is solicited.—Ep. 
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PRESIDENT’S PAGE 


By Ropert D. LANDruM 
An American Ceramic Institute 


Since last May, when the idea of the Ceramic Institute was first 
presented on this page, much advancement has been made. However, 
the Ceramic Institute as it stands today is still only an idea, an idea en- 
tirely different from what it was a month ago, and quite different from 
what it was several months ago. Very probably it will be very different 
from what it is now, after we discuss the matter at the Columbus meeting 
next February. Any detailed propositions which have been made have 
been given so that we can discuss the matter. The Ceramic Institute 
idea is to find some method of organization so that a real research program 
can be financed and carried out without duplication. 

Every function of this Society of ours revolves around one fundamental 
purpose: to bring into one organization all the men who are striving to 
improve the products of the silicate industries, and to provide for them the 
advantage of benefiting by the experiences of their fellow workers through 
personal discussion at our meetings, and through the formal papers given 
in our publication. At first a very simple organization was satisfactory. 
At the Section Q meetings, practically the whole membership could sit 
at one table, but as the scope of our activities expanded, division into 
groups was necessary, and we have today the advantage of seven technical 
societies represented by our Divisions, held together in one well-knit 
organization, with the committees so interwoven that there is no duplica- 
tion of activities. Our organization is successful, for we have, at a very small 
general expense, so guided our activities that the results are astounding. 

No country in the world can boast of accomplishments such as ours in 
the ceramic field, and, without doubt, it is due to our organization in 
this Socrety. We are at the point now, though, where it is very necessary 
that some arrangement be made whereby research in our industries can be 
initiated according to a definite program. Up to this time, the research which 
has been done has been initiated by our individual members, and for the 
most part, has been merely reported at our meetings and in our publications. 
The AMERICAN CERAMIC SocIETy is the organization which can most 
quickly bring into being a Ceramic Institute today to do this very thing. 

Although the interests of all the silicate industries are very closely allied, 
and a great deal of the research which should be done is fundamental to 
each and every one of the industries represented, still a large portion of 
the problems fall very naturally into groups which are represented by our 
different Divisions. ‘Therefore, I feel that the Ceramic Institute should 
be a federation of several specific Institutes. 
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The Clay Products Institute is already being organized, and care should 
be taken that this does not become so complex that individual initiative 
is hampered. There should also be formed a Glass Institute, a Terra 
Cotta Institute, a White Wares Institute, and an Enamel Institute, each 
of these centralized in the Ceramic Institute. The organization of these 
specific divisions can be initiated by the trade associations of the indus- 
tries represented, or by the Divisions of our own SocrEty in collaboration 
with these trade associations. 

In any plan that can be evolved, there must be a research head, a salaried 
man to codrdinate all of this work and to see that the fundamental work 
which is useful to each and every separate Institute is done and not dupli- 
cated. This man should be definitely connected with our Society. 
Such a man would be in the position to determine just what part of the 
work could be done in the individual plants interested. He would deter- 
mine what work could be done in laboratories such as can be found in the 
various schools. This would mean the establishing of more Fellowships. 
He would know the facilities of the various Government laboratories, and 
determine what part of the work could be done in these. He would lead 
in the formulation of a research program and see that this was carried out. 
He would be the research director of each of the separate Institutes, 
and head the committee on research in our SOCIETY. 

The AMERICAN CERAMIC SocIETy has a big job ahead of it in guiding 
this tremendous idea. Research as we know, does cost money, but we 
know, too, that research properly guided probably yields the largest re- 
turns that can be obtained from money invested in any way. Real re- 
search is expensive. Care must be taken that there is no duplication. 

In any event, the most economical plan will be for the AMERICAN 
CERAMIC SocrIETy’s general offices to take care of all of the organization 
work. The general meetings would be one and the same. The Ceramic 
Institute itself should be very closely connected with our Society, but 
each of the component Institutes should be separate from the SociETy 
and self-determining. 

Each of us, and especially those in charge of the divisional work, should 
give this matter their most careful thought, and at the Columbus meeting, 
definite plans should be made to initiate the organization of each of the 
separate Institutes. We have the opportunity here to initiate a co- 
operative plan such as has never been dreamed of in any field, and one which 
will bring actual results to the silicate industry. I hope that each one who 
reads this and is interested, will give this matter immediate and careful 
consideration and try to formulate some definite plan, so that when we 
get together in Columbus, we can make a real start. This plan must be 
built on a secure foundation, and we need the best from every worker in 
our SOCIETY. 
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NEW MEMBERS RECEIVED AUGUST 15 TO SEPTEMBER 15 


PERSONAL 

Butler, E. L., 111 W. Washington St., Chicago, Ill., Owner and Manager, E. L. Butler 
Clay Co. 

Farr, Harry V., 2 Miller Place, Ferguson, Mo., Consulting Engineer, Maphite Company 
of America. 

Gasteiger, W. H., Braemar, Carter Co., Tenn., Engineer, Rex Company. 

Innes, David H., 905 S. Wright St., Champaign, Ill. Student. 

Krieze, Herbert F., 1354 Forsythe Ave., Columbus, Ohio. National Agstone Fellow, 
Soils Dept., O. S. U. 

von Krogh, Johan C. W., Geologisk Museum, Kristiania, Norway. Engineer, Nor- 
wegian Government. 

Purky, Jos. F., Paducah, Ky., Manager, The Paducah Clay Co. 

Sargent, Malcolm C., 163 Norfolk St., Wollaston, Mass. New England Sales Manager, 
General Refractories Co. 

Vane, Bernard, Supt., Hopewell China Corp., Hopewell, Va. 


Membership Workers’ Record 


Personal 

R. F. Geller 1 
Joseph A. Martz 1 
Cullen W. Parmelee 1 
C. A. Underwood 1 
H. E. Weightman 1 
W. W. Wilkins 1 
Office 3 

Total 


PROGRAM FOR SOCIETY SUMMER MEETING, LOS ANGELES, 
CALIFORNIA, OCTOBER 6 and 7, 1924 


Morning Session 


Tableware on the Pacific Coast................. W. G. Jackson 
Artificial Sillimanite as a Refractory.............Hewitt Wilson 
Synthetic Sillimanite in Ceramic Bodies..........T. S. Curtis 
‘Overhead Transportation in a Clay Plant by Engineering Department of the 
Los Angeles Pressed Brick Company........ Ross D. Plank 
Afternoon Session 
Cast Iron Enamels (with microphotographs)...... A. Malinovsky 
Sagger Rules for Control of Glazes.............. Ross C. Purdy 
Notes on Terra Cotta Body Shrinkage...........P. G. Larkin and E. R. Curry 
Notes on Development of Vitreous Slips for Terra 


Construction of Kiln Crowns................... John Sawyer 
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THE PITTSBURGH SECTION HONORS ENGLISH GUESTS 


Dr. J. W. Mellor and Dr. and Mrs. W. E. S. Turner were honored with 
a dinner at the University Club, Pittsburgh, Pa., given by the Pittsburgh 
Section, AMERICAN CERAMIC SociETy on Thursday evening, Sept. 4, 1924. 
Eighty-eight members and guests were present. 

J. W. Cruikshank, of the Cruikshank Engineering Company and Chair- 
man of the Section, proposed the drinking of toasts, first to the King of 
England, complimentary to the distinguished English scientists and next 
to the President of the United States. Mr. Cruikshank expressed the 
appreciation of the members of the Pittsburgh Section in having the 
honored guests with them. He also recalled his acquaintance with Dr. 
Turner in 1918 at which time he was in England, and visited Dr. Turner 
at the University of Sheffield. 

The toastmaster for the evening was Dr. Alexander Silverman, head of 
the Chemistry department of the University of Pittsburgh. Dr. Silver- 
man emphasized the importance of the glass industry to humanity; what 
it means to have windows, both plain and stained to keep out undesirable 
elements and yet admit light and warmth; the value of glass as an artistic 
decoration for our homes and finally the vital importance of binoculars 
for our mariners; telescope lenses, etc. 

Dr. W. E. S. Turner of the University of Sheffield and past president of 
the Society of Glass Technology of England expressed his appreciation 
for the hospitality that had been extended to him on the present visit to 
this country and also on two previous trips. On behalf of the British 
Society he extended a cordial invitation to the members of the AMERICAN 
CERAMIC Society to visit England in the near future. Remarks were 
also made pertinent to the comparison of the two countries, England and 
America. England, he stated, has not recovered from the depression of 
1920 to the same extent as America. Dr. Turner referred to the wonder- 
ful achievements that are the direct outcome of research and urged upon 
the Society the importance of this country to establish a center for the 
advancement of glass technology. 

He discussed the results of his experiments with wet and dry glass batches 
on which eight tests were made on the same materials. The molten metal 
was worked by the same man who knew nothing of that particular batch 
with results showing that while the ingredients of the batches were the 
same, the glassware made from the wet batch was entirely different from 
that produced from the dry materials. 

Dean Manning of the University of Pittsburgh discussed our recent na- 
tional conventions of the Republican and Democratic parties. 

Chancellor Bowman, also of the University of Pittsburgh, questioned 
the efforts of the scientists of this country to relieve the restlessness exist- 
ing among laborers in industry. He emphasized the fact that one hundred 
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years ago the population of this country was occupied chiefly with securing 
household comforts and necessities and stated that present-day problems 
should be subjected to scientific study as much as chemical problems. 
He mentioned the services which have been rendered to various industries 
by the Mellon Institute, and noted the excellent facilities afforded by Pitts- 
burgh to train efficient workers and for straight thinking. 

Dr. J. W. Mellor, eminent chemist and ceramist of Stoke-on-Trent, also 
gave an entertaining address. Dr. Mellor has been attending the recent 
convention of the British Association for the Advancement of Science in 
Toronto. He has made highly valuable contributions to’ the ceramic 
field and has written many books on chemical subjects. He is also an 
authority on higher mathematics. 

Ross C. Purdy, Secretary of the AMERICAN CERAMIC SOCIETY, was in- 
troduced and made a brief talk. 


Those in attendance at the meeting were: 


E. W. Tillotson 
Mrs. Tillotson 
A. V. Bleininger 


Chancellor Bowman, U. of Pgh. 


W. E. S. Turner 
Mrs. Turner 

J. W. Cruikshank 
Dean Manley 

J. W. Mellor 

H. L. Dixon 
Mrs. Dixon 
Louis Reizenstein 
Ross Purdy 
Alexander Silverman 
Cyrus G. Dunkle 
John F. Byrne 
Sandford S. Cole 
Mrs. Cole 

R. F. Ferguson 
R. A. Robinson 
J. E. Hansen 

B. M. Larsen 
Chas. R. Fettke 
Chas. Watkins 
C. E. Greider 
Chas. L. Jones 
Gordon R. Pole 
G. E. Meiter 

L. O. Peterson 
H. J. White 

Mrs. White 

C. R. McCann 
Mrs. McCann 


Donald W. Ross 

G. W. Cooper 

John M. Hammer 
George S. Cooper 
F. C. Flint 

A. H. Wright 
Horace Foster, Jr. 
Miss McKillop 

M. G. Babcock 

A. W. Kimes 

Mrs. Kimes 

R. E. Kimball 

Mrs. Kimball 

Wm. J. Miller 

V. G. Greene 

F. A. Rotandaro 
Joseph Heidenkamp 
Miss Heidenkamp 
Joseph Heidenkamp, Jr. 
Mrs. Heidenkamp, Jr. 
W. A. Turner 

Thos. MacConnell, Jr. 
J. O. Handy 

Harry S. Hower 
Mrs. Hower 

H. H. Blau 

C. A. Stimpson 

W. E. Daugherty 
H. R. Urbach 

W. F. Wenning 

H. V. Huber 

J. B. Luckie 

Glenn D. Williams 
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Harry Willetts C. H. Walker 
Mrs. Willetts R. J. Weithorn 
D. W. Loomis H. S. Robertson 
F. M. Ritchie E. P. Arthur 
Mrs. Ritchie Mr. Stewart 

T. F. Harnock J. M. Manor 
Mrs. Harnock T. A. Shegog 
H. G. Dixon H. A.*Thrum 
Mrs. Dixon C. L. Shegog 


PITTSBURGH SECTION HEARS BRITISH CHEMIST 


The Pittsburgh Section of the AMERICAN CERAMIC SocIETY met with the Pitts- 
burgh Section of the American Chemical Society on Friday, September 19 at the Pitts- 
burgh Experiment Station, Bureau of Mines, where they heard an address by Sir Robert 
Robertson, Chemist to the British Government. Sir Robert, who is an authority on 
the chemistry and technology of explosives talked on ‘‘Ammonium Nitrate and Some of 
Its Properties and Applications.”’ 


L. E. BARRINGER AT CENTENNIAL CELEBRATION 


President Landrum has appointed L. E. Barringer of the General Electric Company, 
Schenectady, N. Y., to act as representative for the Society at the Celebration of the 
100th Anniversary of the Founding of Rensselaer Polytechnic Institute to be held at 
Troy, N. Y., October 3 and 4. 


DR. LANGENBECK REPRESENTATIVE AT MEETING 


Karl Langenbeck, U. S. Tariff Commission, Washington, D. C., was appointed 
representative of the AMERICAN CERAMIC SocrIETy by President R. D. Landrum to 
attend the Centenary Celebration of the Founding of the Franklin Institute and the 
Inauguration Exercises of the Bartol Research Foundation. This meeting was held in 
Philadelphia, September 17, 18 and 19, 1924. 


G. A. BOLE ADDRESSES NORTHWEST STATION 


G. A. Bole, superintendent of the Ceramic Experiment Station, U. S. Bureau of 
Mines, Columbus, Ohio, has returned from an extended trip to the Pacific Coast where 
he made a survey of clay plants and visited the Bureau Stations at Seattle, Wash., and 
Berkeley, Calif. While in Seattle Mr. Bole was guest at a luncheon given by the mem- 
bers of the Pacific-Northwest Section. The work of the U. S. Bureau of Mines was pre- 
sented by Mr. Bole in an interesting address at this meeting. 

He also visited the Station located at Rollo, Mo., where research work in zinc re- 
fractories is being conducted. 


— 
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FELDSPAR INVESTIGATION! 


On page 357, Bulletin Section, September number of the Journal, a typographical 
oversight made the entire note read as though it were by Dr. Burgess, director of the 
Bureau of Standards. The first four paragraphs of that note were not a part of Dr. 
Burgess’ communication. 


NOTES AND NEWS 
THE EDWARD HART CELEBRATION 


The AMERICAN CERAMIC SOCIETY joins with Dr. Hart’s many other friends in real 
appreciation of the friendly man, the interesting writer, the practical scientist and the 
business man and associate, Edward Hart. 

Dr. Hart has been an active member of this Socrety for several years. When 
possible he attended our meetings and participated in the discussions. He undertook 
on his own responsibility the printing for the Socrery the ‘‘Collected Writings of Her- 
man Seger.’’ Dr. Hart has made substantial contributions to ceramic technology, 
the benefits of which will be shared by ceramists in future generations. 


To Eugene C. Bingham we are indebted for the following notes: 

In 1874 there came to Lafayette College as professor of analytical chemistry, 
Thomas M. Drown, later president of Lehigh University. With him there came as 
his assistant a young Quaker from Doylestown, Pa., by the name of Edward Hart 

Not satisfied with his knowledge of organic chemistry, in 1876 he applied for a fel- 
lowship at the newly started Johns Hopkins University. Dr. Remsen must have 
scanned young Hart more carefully than he did his college diploma, for the latter was 
nonexistent. Edward Hart was given the fellowship 
and he kept it for two years and received his doctorate 
into the bargain. 

Dr. Drown resigned in 1881 and Dr. Hart was 
then made assistant professor in charge of the depart- 
ment. 

Dr. Hart had already started a series of business 
enterprises. In 1881, with John T. Baker, a Lafayette 
graduate of 1878, he began to make refined chemi- 
cals. They were without experience and with only 
$500 capital, but they possessed plenty of courage. 
Renting land at $10 per year, they put up rough 
buildings, erected furnaces, and started in to manu- 
facture pure hydrochloric acid, nitric acid, sulfuric 
acid, and ammonium hydroxide. After two years 
their capital proved too small and they took in George Dr. EpwARD Hart 
P. Adamson, of the class of 1884, and moved the 
plant to a five-acre plot near the railroad. The use of crude nitric acid in considerable 
quantities suggested the manufacture of the acid directly from sodium nitrate, and 
this led to the invention of the Hart boiler and condenser, which are still widely used. 
Thus, with Dr. Hart as silent partner, the firm of Baker & Adamson was started, 
which was later merged into the General Chemical Company, and which in turn has 
merged into the Allied Chemical & Dye Corporation. 


! Correction. 
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When he began to edit the Journal of Analytical and Applied Chemistry he found 
trouble in getting the Journal out on time, so he audaciously decided to be his own 
printer and in 1887 he engaged a student as the foreman of the proposed company. 
In 1893 Harvey W. Wiley, who had recently become president of the American Chemical 
Society, requested Dr. Hart to become the editor of the Journal. There thus started 
an intimate friendship which has increased with the passing years. Taking up the edi- 
torship, Dr. Hart found but two articles ahead while there were six numbers in arrears. 
He unselfishly gave up his Journal of Analytical and Applied Chemistry and merged it 
with the Society’s Journal. Dr. Wiley busied himself in getting papers, while Dr. 
Hart edited and printed them. In 1894 he published the first volume of Dr. Wiley’s 
‘Principles and Practice of Agricultural Analysis,’ and a year later-Dr. Remsen asked 
him to print the American Chemical Journal. 

The growth of the chemistry department of the college under Dr. Hart was con- 
tinuous. In 1918 friends of Dr. Hart raised $10,000 to endow the Edward Hart Re- 
search Fellowship, as a tribute to his great service in building up chemistry in America. 
Although Dr. Hart retired from the direction of the chemistry department in 1916, 
he has retained the title of professor of chemical engineering and he has completed a 
round fifty years of service as a teacher. 

Dr. Hart possesses great originality together with boundless energy; but modesty 
in regard to his own attainments and kindliness are even more characteristic of his later 
years. Still working on important industrial problems, such as the recovery of potash 
from greensand, much of his time is given to civic work and to the improvement of the 
farm which he has recently developed. 

Dr. Hart was for two years a member of the Common Council of Easton and a 
member of the Highway Committee. He has been chairman of the Easton City Plan- 
ning Commission since 1906. He has been three times president of the Northampton 
County Historical Society. He has been president of the Easton Motor Association, 
trustee of the Easton Board of Trade, and in 1912 he was candidate for Congress on 
the Progressive ticket. Although a practical printer, he advocates the use of the 
metric system in printing. 

Along with his other work Dr. Hart has written several textbooks and considerable 
verse of a humorous or sentimental character. His description of “The Hobo”’ is cer- 
tainly not autobiographical: 


I think some evil molecules 
Must in my system lurk 
I really am not lazy 
I just don’t like to work. 


Program of the Edward Hart Celebration and Intersectional Meeting 


Under the auspices of the Lehigh Valley Section, the 
New York Section, the Philadelphia Section, the Wilming- 
ton Section, and the South Jersey Section of the American 
Chemical Society. 


October 16, 17 and 18th 
Thursday— 


9:00 a.m. Gayley Chemical and Metallurgical Laboratory, Registration 
10:30 a.m. Colton Memorial Chapel, Founders’ Day Exercises, One-Hundredth 
Anniversary of the Founding of Lafayette College 
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2:30 p.m. Pardee Auditorium. General Theme: “Fifty Years of Chemistry in 
America.” Speakers: Dr. Edgar F. Smith, Dr. Harvey W. 
Wiley, Dr. William H. Nichols, and Dr. Bradley Stoughton 

5:00 p.m. Reception and Tea. Residence of Dr. and Mrs. Edward Hart, 
College Campus 

7:00 p.m. Banquet at Northampton Country Club, in honor of Dr. Hart. 
Ladies are invited 


Friday— 
9:30 a.m. Pardee Auditorium, Plasticity Symposium. 
2:00 p.m. Plasticity Symposium (Continued) 
Saturday— 
9:00 a.m. Excursions to points of interest in the Lehigh Valley :— 


1. Martin’s Creek, Bangor and Delaware Water Gap. 

Easton and Phillipsburg plants. 

Lehigh University and the Bethlehem Steel Co. 

The New Jersey Zinc Co. Research Laboratory and Plant. 


M. E. HOLMES AT COLUMBUS STATION 


Major E. Holmes, recently has joined the staff of the ceramic station, U. S. 
Bureau of Mines, at Columbus, Ohio. Dr. Holmes will have charge of the work which 
the Bureau is doing in coéperation with the Dolomite Products Company of Cleveland, 
Ohio. Dr. Holmes brings to this work a wide experience gained in the lime and gypsum 
fields. 


_ BUREAU OF MINES NOTES 


Zinc Refractory Research 


The Bureau of Mines is starting a survey of the conditions under which zinc re- 
fractories must give service. The field work is being carried out simultaneously with 
a survey of the fuel economy problem. Messrs. Brewer and Rice are in the field sur- 
veying the conditions which obtain at retorting plants in the tri-state and St. Louis 
districts. 

Mr. Keuchler at the Rolla Station is carrying on fundamental research into proper- 
ties (a) of zinc retorts now in use, (b) raw materials used in their manufacture. The pur- 
pose of the investigation is to develop a better refractory for the service or to so modify 
the process as to lengthen the life of the refractory now in use. 


Power Plant Refractories Survey 


A coéperative agreement has been made between the Department of the Interior 
and C. A. Hirshfield of Detroit, representing a group of large central power plant 
operators, to make a survey of present conditions relating to the use of power plant re- 
fractories. The survey will be conducted by engineers of the Bureau of Mines. 

With the present high ratings at which boiler plants are being operated and the 
increasing use of pulverized coal with its attending high temperatures, the refractories 
now available for lining boiler furnaces are proving inadequate. In this survey a study 
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is being made of the characteristics of refractories now available for use in power-plant 
boiler furnaces, and the conditions under which they are used, their life in operating 
practice under the conditions prevailing at different plants and the way in which the re- 
fractories now marketed fail to meet these conditions. The purpose of the survey is 
to obtain fundamental data to be used in bettering refractory service. 


DEPARTMENT OF COMMERCE NOTES 


Ceramic Whiting Specification 
July 25, 1924 


The desirable qualities of ceramic whiting, used in the manufacture of glazes, 
enamels, and other ceramic products, are given in a specification for this material re- 
cently issued by the Bureau of Standards. It is recommended that the material should 
contain not less than 97% of calcium carbonate and should be very fine, so that 98% 
of it will pass a No. 200 screen. 

This is the 5th of a series of specifications issued by the Bureau for the kinds of 
lime required by different chemical industries. The preceding 4 dealt respectively 
with lime for use in cooking rags, in causticizing, and in the manufacture of sulphite 
pulp and of glass. They were prepared under the direction of the Interdepartmental 
Conference on Chemical Lime, composed of representatives of the Bureau cf Standards, 
the Geological Survey, the Bureau of Mines, the Department of Agriculture, and the 
Chemical Warfare Service. 

The specification is given in Circular No. 152 of the Bureau of Standards entitled 
“Recommended Specification fer Ceramic Whiting.’’ Copies can be obtained from the 
Superintendent of Documents, Government Printing Office, Washington, D. C. The 
price is 5 cents, cash. 


Make Sweeping Reduction in Restaurant and Cafeteria Chinaware 


Reduction of varieties and sizes of restaurant and cafeteria chinaware from 66 
items to 176 will become effective before the first of next year, as a result of action 
taken by the Board of Directors of the National Restaurant Association at the associa- 
tion’s convention in Chicago recently, according to a report to Ray M. Hudson, chief of 
the Division of Simplified Practice, by H. Ross Colwell of the Division, who has been 
working on the simplification of these items. There were 16 more items on the list 
retained by the retaurant and cafeteria interests than on the list of the hotel industry 
after the latter had simplified its variety. 

The 492 eliminations recommended by a joint meeting of committees of manufac- 
turers, distributors and users will take effect about the first of the year; though Mr. 
Colwell reported that certain potteries manufacturers are issuing ‘‘standard”’ lists with 
marked inducements in prices for such lists. 

Three committees have been appointed, representing the manufacturers, distrib- 
utors and consumers and their allied interests. These will meet on September 3 at 
a morning session, in conference with H. Ross Colwell of the Division of Simplified 
Practice, who wil! be speaker at the afternoon meeting of the convention. 

The manufacturers’ committee comprises C. W. Read of the Shenango Pottery 
Company of New Castle, Pa.; E. L. Tolbert of the Onondaga Pottery Company of 
Syracuse, N. Y., and D. W. Scammell of the Scammell China Company of Trenton, N. J. 
The membership of the committee representing the distributors includes Arthur Nason 
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Howe of Mitchell Woodbury Company, Boston, Mass.; L. Barth & Son of New York 
City; Albert Pick & Co., Chicago; The Straus Company of Richmond, Va.; and the Dohr- 
mann Commercial Company of San Francisco, Calif. Representing the consumer 
interests is a Committee comprising Harry S. Baldwin of Springfield, Mass.; Nate W. 
Stone of the Hippodrome Inn., Cleveland, O.; Frank Knapp of McCreary & Co., Pitts- 
burgh, Pa.; Allan Pollok, president of the American Association of Dining Car Super- 
intendents, San Francisco, Calif.; Horace Boos of Boos Brothers Cafeteria Co., Los 
Angeles, Calif.; W. I. Hamilton, director of research of the American Hotel Association, 
Chicago, Ill.; and a representative of the American Telegraph and Telephone Co., 


New York City. 


A. B. Carder of Los Angeles, Calif., is secretary of the Association. 


These committees, following separate meetings, will hold a joint session, at which 
will be determined the recommendations to be reported to the convention. 


CALENDAR OF CONVENTIONS 


Organization 


AMERICAN CERAMIC SOCIETY 
(Summer Meeting) 


AMERICAN CERAMIC SOCIETY 
(Annual Meeting) 
. Assn. Adv. of Science 


Assn. of Flint and Lime Glass Mfrs. 

(Quarterly Meeting) 

Assn. of Flint and Lime Glass Mfrs. 

(Annual Meeting) 

. Concrete Institute 

. Electrochemical Society 

Engineering Council 

(Administrative Board) 

. Face Brick Assn. 

Foundrymen’s Assn. 

Gas Assn. 

American Institute 

. Inst. of Chemical Engrs. 

Am. Inst. of Min. & Met. Engrs. 

Am. Mining Congress 

Am. Society of Mech. Engrs. 

Common Brick Mfrs. Assn. 

Eastern Paving Brick Mfrs. Assn. 

Edward Hart Celebration and Intersec- 
tional Meeting 

Exposition of Inventions 

Hollow Bldg. Tile Assn. 

Management Week (Auspices of Am. 
Soc. of Mech. Engrs.) 

Manufacturing Chemists’ Assn. 

Mining & Met. Society of America 

Natl. Academy of Sciences 


BBE 


Date 


Oct. 6-7, 1924 


Feb. 16-21, 1925 


Dec. 29, 1924—Jan. 3, 


1925 
Oct., 1924 


July, 1925 
Feb. 24-27, 1925 


Oct. 2-4, 1924 


Oct. 17-18, 1924 
Dec. 2-4, 1924 
Oct. 11-16, 1924 
Oct. 13-17, 1924 
Dec., 1924 

Dec. 3-6, 1924 
Oct. 13-15, 1924 
Sept. 29-Oct. 4, 1924 
Dec. 1924 
Feb. 9-13, 1925 
Dec., 1924 


Oct. 16, 17, 18, 1924 
Dec. 8-18, 1924 
Jan., 1925 


Oct. 20-25, 1924 
June, 1925 

Jan. 138, 1925 
Nov. 10-12, 1924 


Place 


Los Angeles, Calif. 
Hotel Biltmore 


Columbus, Ohio 

Washington, D. C. 
Pittsburgh, Pa. 
Atlantic City, N. 


Chicago, IIl. 
Detroit, Mich. 


Chicago, IIl. 

Hot Springs, Va. 
Milwaukee, Wis. 
Atlantic City, N. J. 
New York City 
Pittsburgh, Pa. 
Birmingham, Ala. 
Sacramento, Calif. 
New York City 
Chicago, Il. 

New York (?) 


Easton, Pa. 
New York City 
Chicago, IIl. 


New York City 
New York City 
New York City 
Cambridge, Mass. 
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Organization 
Natl. Assn. of Mfrs. 
Natl. Assn. of Mfrs. of Pressed and 
Blown Glassware 
Natl. Assn. of Stove Mfrs. 
Natl. Clay Products Industries Assn. 
Natl. Exposition of Power & Mech. 


Engr. 


Natl. Glass Distributors’ Assn. 


Natl. Lime Assn. 


Natl. Safety Council 

N. J. Clayworkers’ Assn. and E. Sect. 
of the American Ceramic Society 

Optical Society of America 

Refractories Mfrs. Assn. 

Society of Chemical Industry 

Society of Glass Technology 


Taylor Society 


Tenth Exposition of Chem. Industries 
Tile & Mantel Contractors’ Assn. of 


America 


U. S. Potters’ Assn. 
Western Paving Brick Mfrs. Assn. 
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Date 
May, 1925 


March, 1925 
May 13-14, 1925 
April, 1925 


Dec. 1-6, 1924 
Dec., 1924 
May, 1925 (?) 


Sept. 29-Oct. 3, 1924 


Dec., 1924 

Oct. 23-25, 1924 
Oct. 3, 1924 
Oct. 17, 1924 
Oct. 15, 1924 
Dec. 4-6, 1924 


Sept. 28—Oct. 3, 1925 


Feb. 9, 1925 
Dec., 1924 
Jan., 1925 


Place 


New York City 
Pittsburgh, Pa. 
New York City 
Chicago, Ill. 


New York City 
Pittsburgh, Pa. 


Louisville, Ky. 


New Brunswick, N. J. 


Boston, Mass. 
Pittsburgh, Pa. 
New York City 
Sheffield, Eng. 
New York City 
New York City 


Louisville, Ky. 


Washington, D. C. (?) 


Kansas City, Mo. 
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U. S. ROTARY SMELTING FURNACE 
installed in 
POTTERY PLANT SHOWS LARGE SAVING 


May 19, 1924 


8. Purnace Go. 
Belleville, 
tten tion: 


‘y- 
Gentlemen: 


We have No Maintenance 
SU. S. Rotary Smelting Purmeces to burn frist. 1 

deen in operation for about twelve (12) months ani has Cost 

given no trouble at all end there has been no msinten- 
ance charge against it. 


| The saving in labor and time has Saveslabor, time 
deen so great that we have not bothered to check the fuel 
that the and fuel 


eoneumption ecourately, bat we are convinced t 
coet of gas and power per Ton of fritt burned is less 
than the coet of coal formerly used. 

Youre truly, 


USIVERSAL SANITARY MPG. CO. 


SIZES AND CAPACITIES 
No. 1 No. 2 No. 3 No. 4 No. 4-B 
60 Ib. 150 Ib. 350 Ib. 750 Ib. 1200 Ib. 


Description, Photographs, Specifications and Prices Mailed Promptly. 


THE U. S. SMELTING FURNACE CO. 


BELLEVILLE, ILLINOIS, U. S. A. 
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DRYING 
MACHINERY 


| 


for all 
Clay Products 


Electrical Porcelain 
Sanitary Ware 
General Ware in Moulds 
Dipped General Ware 
Clay Rolls :: Spark Plugs 
Saggers :: Tile 

Refractories :: Brick 


Chemical Stoneware 


PROCTOR & SCHWARTZ, inc. 


PHILADELPHIA, PA. 


— — — 
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A 


Air Compressors 
General Electric Co. 


Air 
Gay Co., ‘Rubert M, 


Alumina (Hydrate and Calcined) 
Pennsylvania Salt Mfg. Co. 


Alundum (Refractory Products) 
Norton Co. 


Auger Machines 
Chambers Brothers Co, 


Automatic Cutters 
Chambers Brothers Co. 


Automatic Stove Rooms 
Philadelphia Drying Machinery Co. 


B 


Ball Mills 
Hardinge Co. 
Mueller Machine Co., Inc. 


Batts (Alundum-Crystolon) 
Norton Co. 


Bituminous Coal 
Seaboard Fuel Corp. 


Blocks (Refractory) 
Norton Co. 


Boats, Combustion 
Norton Company 


Borax 
Innis, Speiden & Co. 


Boric Acid (Crystal, Granular or Powder) 
Innis, Speiden & Co. 


Brick Making Machinery 
Chambers Brothers Co. 


Bricks (Refractory-Alundum-Crystolon) 
Norton Co. 


Burners (Oil) 
Best, W. N. Corp. 


C 


Carbonates (Barium-Lead) 
Innis, Speiden & Co. 


Caustic Soda 
Pennsylvania Salt Mfg. Co. 


Cements 
Norton Co. 


Ceramic Chemicals 
Drakenfeld and Co., F. 
Harshaw, Fuller and Goodwin Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co., (Inc.) 


Roessler and Hasslacher Chemical Co, 


Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


Ceramic Plant Equipment 
Ceramic Engineering Co. 
Chambers Brothers Co, 
Mueller Machine Co., Inc. 
Philadelphia Drying Machinery Co, 
Proctor and Schwartz, Inc. 


Clay (Ball) 
ohnson-Porter Clay Co. 
‘aper Makers Importing Co. 
Spinks H. C. Clay Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (China) 
Drakenfeld and Co., B. F. 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Roessler & Hasslacher Chemical Co, 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (Electrical— Porcelain) 
Edgar Brothers Co. 
Johnson-Porter Clay Co. 
Paper Makers Importing Co., (Inc.) 
Spinks H. C. Clay Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (Enamel) 
Edgar Brothers Co. 
Johnson-Porter Clay Co. 
Paper Makers Importing Co. 
Metal & Thermit Corp. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 
Vitro Mfg. Co. 


Clay (Fire) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
United Clay Mines Corp. 


Clay (Potters) 
Johnson-Porter Clay Co, 
Paper Makers Importing Co, 
Spinks, H. C. Clay Co. 
United Clay Corp. 
Vanderbilt Co., R. T. 


Clay (Sagger) 
Edgar Brothers Co. 
Johnson-Porter Clay Co. 
Paper Makers Importing Co., (Inc.) 
Spinks, H. C. Clay Co 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay Handling Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Clay Miners 
Edgar Brothers Co. 
Johnson-Porter Clay Co. 
Paper Makers Importing Co., (Inc.) 
Spinks, H. C. Clay Co 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Qlay (Wad) 
Spinks, H. C. Clay Co. 
Clay (Wall Tile) 
Johnson-Porter Clay Co. 
Spinks H. C. Clay Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay Washing Machinery 
Mueller Machine Co., Inc. 


(When writing to advertisers, please mention the JOURNAL) 


— 
| 
| 


JOURNAL OF THE 


Send us a Sample 


If you have 
a 
wire cloth 
that you 
want 
duplicated, 
send it 
to us. 


We can 
duplicate it 
if anybody 
can. 


We make Newark Wire Cloth of all Metals: Aluminum, 
Brass, Copper, Bronze, Phosphor Bronze, Nickel, Steel, Monel 
Metal, Silver, Gold, Platinum, Nichrome and Special Alloys. 


Specify the spacing and wire diameter wanted, the kind of 
metal, the length, the width, and leave the rest to us. 


“NEWARK” patented metallic Filter 
Cloth. This is made in 
several different grades for 
filtration work. Double sur- 
face. Extra strong. Durable. 
Easily Cleaned. Even tex- 
ture. Used in all makes of 
filter presses in place of other 
filtering mediums. 


‘NEWARK WIRE CLOTH CO. 


355-369 Verona Ave., Newark, N. J. 


Ask for data on the 


OPAX 


The following report has just been received from 
a well-known Ceramic Engineer, who acts as consultant 
to the enameling industry: 


‘| have had very good results using Opax in sheet 
steel enamels, using approximately |14 times as much 


Opax as of tin Oxide. 


The enamels had very good 


colors and texture and were quite satisfactory as re- 
gards opacity.” 


At present prices of the two opacifiers, this means 
a saving of 28% in favor of Opax. 


Can you afford to neglect such a saving? 


THE TITANIUM ALLOY MANUFACTURING CO. 


Niagara Falls, N. Y., U.S.A. 
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Clay Working Machinery 
Hadfield-Penfield ‘Steel Co. 
Mueller Machine Co., Inc. 

Cloth (wire) 

Newark Wire Cloth Co. 

Cont 

board Fuel Corp. 
Colors 


Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Innis, & Co. 

Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Conditio Machinery 
Phil phia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Cones (Filter) 
Norton Co. 


Conical Mills 
Hardinge Co. 


Controllers 
General Electric Co. 


Conveyors (Clay, Sand, Brick, etc.) 
Hadfield-Penfield Steel Co. 
Philadelphia Drying Machinery Co. 
Mueller Machine Co., Inc. 


Controllers, (Automatic Temperatures) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Cores (Alundum Furnace) 
Norton Co. 


Cornwall Stone 
Pennsylvania Pulverizing Co. 


Crucibles (Filter-Melting-Ignition) 
Norton Co. 


Crushers 
American Pulverizer Co. 
Chambers Brothers Co. 
Gog Co., Rubert M 
adfield- Penfield Steel Co. 
Co. 
Mueller “Machine Co., Inc. 


Crushers (Ring) 
American Pulverizer Co. 


D 


Decorating Supplies 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Discs (Alundum-Porous-Filter) 
Norton Co. 


Dishes (Alundum-Filtering-Ignition) 
Norton Co. 


Disintegrators 
Chambers Brothers Co. 
Hadfield-Penfield Stee! Co. 
Mueller Machine Co., Inc. 


Dolomite 
Innis, Speiden & Co. 


Ceram neering 
Philadelphia Drying Machinery C 
Proctor and Inc. 


Dryi 
Philadephia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


E 


Electrical Instruments 
Brown Instrument Co. 
En , Charles, Inc. 
Wi -Maeulen Co. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Enameling Equipment, Complete 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfx. Co. 


Enameling Furnaces 
Chicago Vitreous Enamel Product Co. 
Combustion Utilities Corp. 
Ferro Enamel Su ply Co. 
General Electric 
Surface Co. 
The Carborundum Co. 
(Carboradiant) 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 
Vitro Mfg. Co. 


Enameling Furnaces (Electric) 
General Electric Co. 


Enameling Muffies 
General Electric Co. 
Parker-Russell Mining & Mfg. Co. 
The Carborundum Co. 
(Carbofrax) 


Enameling, Practical Service 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Enamels, Porcelain 
Chicago Vitreous ~.4 Product Co. 
Ferro Enamel Supply 
The Porcelain “Mfg. Co. 
Vitro Mfg. Co. 


Service 
Co. 
o 


Chambers Brothers 
Combustion Utilities Corp. 
Hadfield-Penfield Steel Co. 


Equipment (Electrical) 
Generali Electric Co. 


(Porcelain 
Porcelain Enamel & Mig. Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 
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Special for Glassmakers and Potters 


GREEN 
OXIDE OF CHROME 


in variety of shades 


Guaranteed to contain no Free Sulphur 


nor Sulphides 


B. F. DRAKENFELD & CO., INC. 


50 Murray Street, New York 


(When writing to advertisers, please mention the JOURNAL 
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BUYERS’ GUIDE (continued) 


F 


Feldspar 
Clinchfield Products Corp. 
Cummings, J. W. 

Drakenfeld and Co., B. F. 

Genesee Feldspar Co. 

Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. (Jsco) 

Maine Feldspar Co. 

O’Brien and Fowler 

Pennsylvania Pulverizing Co. 

R & Hasslacher Chemical Co. 
Vanderbilt Co., R. T. 


Filtering Machinery 
Mueller Machine Co., Inc. 


Fire Brick 
Parker-Russell Mining & Mfg. Co. 
The Carborundum Co. 


Flint 
Innis, Speiden & Co. (Carrara) 
National Silica Co. 
Pennsylvania Pulverizing Co. 


Fuel 
Seaboard Fuel Corp. 


Furnaces 
Chicago Vitreous Enamel Product Co. 
Combustion Utilities Corp. 
Ferro Enamel Supply Co. 
Parker-Russell Mining & Mfg. Co. 
The Carborundum Co. (Carboradiant) 
The Porcelain Enamel & Mig. Co. 
The Surface Combustion Co. 
U. S. Smelting Furnace Co. 


Furnaces (Electrical) 
General Electric Co, 


G 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Gold 
Drakenfeld, and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


H 


Hearths 
The Carborundum Co. 
(Carbofrax heat treating) 


I 


Impervite (Refractory and Hard Porcelain) 
Engelhard, Charles, Inc. 


Infusorial Earth 
Innis, Speiden & Co. 


Iron (Enameling) 
American Rolling Mill Co. 
United Alloy Steel Corp. 


J 


Jiggers 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


kK 


Kaolin 
Edgar Plastic Kaolin Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Kryolith 
Pennsylvania Salt Mfg. Co. 


L 


Linings (Furnace-Refractory Block-Refrac- 
tory Plate, Brick and Tile) 
Norton Co. 
The Carborundum Co. 


M 


Magnesite 
Innis, Speiden & Co. 


Metals (Porcelain Enameling) 
American Rolling Mill Co. 
United Alloy Steel Corp. 


Mills (See under Ball Mills) 
(See under Pebble Mills) 


Minerals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mig. Co. 


Mixing Machines 
Chambers Brothers Co. 


Muffies (Furnace) 
Norton Co. : 
The Carborundum Co. (Carbofrax) 


Muriatic Acid 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co 


N 


Nitrates (Cobalt, Sodium) 
Innis, Speiden & Co 
Oo 


Oil Burners 
Best, W. N. Corp. 


Opacifiers 
Titanium Alloy Mfg. Co 


Operators (Coal) 
Seaboard Fuel Corp. 


(When writing to advertisers, please meniion the JOURNAL) 
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| WHERE PURITY IS ESSENTIAL 


ARMCO Ingot Iron is the purest commercial iron 
produced in open-hearth furnaces. Purity plays 
an important part in the production of high 
grade enameled ware at low cost. 


Enameling sheets are a highly developed 
specialty. Beginning with the raw materials, 
and through the refining operations, annealing, 
and processing, each process is an important 
factor in the production of high-grade enamel- 
ing sheets. 


Ingot Iron enameling sheets are degasified. 
This is one reason why blistering is a rare oc- 
currence after enameling. 


t Iron 
—— ARMCO Ingot Iron enameling sheets are care- 


fully processed to produce a uniform product 
which has a nappy, tooth-like surface to grip 
the enamel. Consequently, the enamel bakes 


evenly on ARMCO Ingot Iron. 


The purity and uniformity of ARMCO Ingot Iron 
make it possible to produce enameled articles 
having a beautiful surface practically free from 
pinholes, blisters and other defects which the 
enameler guards against. 


ARMCO 


TRACE MARK 


INGOT IRON 
The American Rolling Mill Co., Middletown, Ohio. 


(Export) 
The Armco International Corporation 
Cable Address—ARMCO, Middletown, Ohio 


(When writing to advertisers, please mention the JOURNAL) 
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Oxides 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co, 
Titanium Alloy Mfg. Co. 
Vitro Mfg Co. 


P 


Pans (Wet and Dry) 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Mueller Machine Co., Inc. 
Placing Sand 


Pennsylvania Pulverizing Co. 
National Silica Co 


Chambers Brothers Co. 
Hadfield- Penfield ‘Steel Co. 


Plates (Filter) 
Norton Co. 


Porcelain Enameling Service, Practical 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Enamels 


Chicago Vitreous Enamel Product Co. 


The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Potash (Carbonate) 
Innis, Speiden & Co. 


Pottery Machin 
Hadfield- Penbeld Steel Co. 
Mueller Machine Co., Inc. 


Pug Mills 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co, 
Mueller Machine Co., Inc. 


Pulverizing Machinery 
American Pulve-izer Co. 
Hadfield- Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Mueller Machine Co., Inc. 


Pulverizers (Ring) 
American Pulverizer Co. 


mps 
Mueller Machine Co., Inc. 


Pyrometers (Indicating) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Pyrometers (Recording) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 

Wilson- Maeulen Co., Inc. 


Pyrometer (Switches) 
Wilson-Maeulen Co. , Inc 


en Tubes (Refractory and Hard 


‘orcelain) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
MeDanel Refrac Porcelain Co. 
Montgomery Porcelain Products Co. 
Wilson-Maeulen Co., Inc. 


R 


Recording Instruments 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Recuperators 
Combustion Utilities Corp. 


Refractories 
Norton Co. 
The Carborundum Co. 


Refractory Materials 
Parker-Russell Mining & Mfg. Co. 


Regulators (Automatic Temperatures) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


S 


Saggers 
Norton Company 
The Carborundum Co. 


Sagger Presses 
Chambers Brothers Co, 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 
Watson-Stillman Co. 


Screens 
Gay Co., Rubert M. 
Newark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld and Co., B. F, 
Metal & Thermit Corp. 
Vitro Mfg. Co. 


Separators 
Gay, Rubert M. Co. 


(Coal) 
board Fuel Corp. 


Silica Brick 
Parker-Russell Mining & Mfg. Co. 


Silex Lining 
Hardinge Co. 


Sillimanite (Synthetic) 
Norton Co. 


Slabs (Furnace) 
Norton Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Electric vitreous enamel 
furnace equipped with G-E 
Direct-Heat Units and 
Automatic Temperature 
Control 


G-E Industrial 
Heating Specialists 
will gladly help you 
work out a better 
vitreous enamel 
furnace plan— 
through the proper 
application of elec- 
tric heat. 


Electric Vitreous Enameling 


Improving the product and reducing the cost of 
production are actual facts in the application of 
electric heat thru G-E Direct-Heat Units to 
vitreous enamel furnaces. 


G-E Direct-Heat Units in your furnace mean 
no muffles to sag or break—no combustion gases 
and dirt—elimination of rejects due to spoilage 
by furnace—decreased labor for operating—and 
minimum upkeep on equipment. 


G-E Direct-Heat Units radiate quick, clean heat 
direct to the charge—electric heat so uniformly 
distributed throughout the furnace, and so accu- 
rately controlled that the maximum speed and 
highest quality of vitreous enamel are obtained. 


General Electric Company 
Schenectady, N. Y. 


Sales Offices in all large cities 


GENERAL ELECTRIC 


39-107D 


(When writing to advertisers, please mention the JOURNAL) 
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Smelters 
Ferro Enamel Supply Co. 
Parker-Russell Mining & Mfg. Co. 
The Surface Combustion Co. 
U. S. Smelting Furnace Co. 

Soda Ash 
Innis, Speiden & Co. 

Sodium Antimonate 
Vitro Mfg. Co. 

Sodium Fluoride 
Innis, Speiden & Co. 

Spar 
Maine Feldspar Co. 
Pennsylvania Pulverizing Co. 
Vanderbilt Co., R. T. 

Sulphuric Acid 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. 


Roessler and Shemical Co. 


Talc 
Innis, Speiden & Co. 
Temperature Instruments (Measuring) 
Brown Instrument Co. 
Engelhard Charles, Inc. 
Wilson-Maeulen Co., Inc. 
Thermocouples 
Wilson-Maeulen Co., Inc. 
Thermometers (Electric Resistance) 
Brown Instrument Co. 
Engelhard Charles, Inc. 
Wi -Maeulen Co., Inc. 
Thimbles (Filtering Extraction) 
Norton Co. 


Tile Machinery (Floor and Wall) 
Mueller Machine Co., Inc. 
Titanium 
Titanium Alloy Mfg. Co. 
Tubes (Insulating) 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Tubes (Pyrometer) 
Brown Instrument Co. 
Engelhard Charles, Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Wilson-Maeulen Co., Inc. 


Vacuum Pumps 
Mueller Machine Co., Inc. 


Wet Enamel 
The Porcelain Enamel & Mfg. Co. 


Ferro Enamel Supply Co. 
Vitro Mfg. Co. 


Drakenfeld and Co., 

Harshaw, Fuller and 1 Co, 
Innis, Speiden & Co. 

Roessler and Bogsomner Chemical Co. 
Vanderbilt Co., 


Witherite 
Innis, Speiden & Co. 


Z 
Zirconia 
Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


THE H. C. 


5th & Monmouth 


SPINKS CLAY CO. 


Miners and Shippers of High Grade 
Ball, Sagger and Wad Clays 


A DEPENDABLE SOURCE OF SUPPLY 
Inexhaustible and Uniform Deposits 
Ample Equipment 


A Good Organization. 


Newport, Ky. 


(When writing to advertisers, please mention the JOURNAL) 
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THE PARKER RUSSELL CO. 


ST. LOUIS 


BUILDERS OF 
i RO-MACK Enameling Furnaces 
HIGH TEMPERATURE FURNACES 
For all Purposes 


HIGH GRADE REFRACTORIES 


veaoe 
Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY - 


HIGH GRADE 


CLAYS 


OF EVERY KIND—FOR EVERY PURPOSE 
UNITED CLAY MINES CORPORATION TRENTON, N. J. 


Porcelain Dental 


O’Brien & Fowler 
114 Wellington St. Derry Quarries, Buckingham, Que. Ottawa, Canada 


WHEN YOU THINK OF 


Furnaces, Furnace Repairs, Forks, Enamels, Oxides, Burning Points, and 
other Enameling Supplies, think of Ferro. Send us an inquiry today! 


THE FERRO ENAMEL SUPPLY CO., CLEVELAND, OHIO. 


FELDSPAR 


POTASH & SODA. GRADES AND GRINDINGS 
TO MEET ALL REQUIREMENTS 


POINEERS—STILL LEADERS—THERE IN EMERGENCIES 


CLINCHFIELD PRODUCTS CORP. 
Plant Plant 


ERWIN, TENN. 380 Madison Ave., BEDFORD, N. Y. 
New York 


(When writing to advertisers, please mention the JOURNAL) 
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The right way to 
think about pyrometers 


Consider pyrometers just as you do the rest of your plant equip- 
ment—as an investment which should pay back to you its full cost, 
with interest and a profit within a reasonable period of time. 
Wilson-Maeulen pyrometers are made with that purpose clearly in 
mind. They will give you complete control of kiln temperatures, 
permit you to prevent overburns and underburns, to eliminate 
seconds and spoiled ware, and to save fuel. . 


These things mean hard earned dollars saved for you, a more efficient 
management of your plant and the return of your investment with 
interest and a profit to boot. 


Let us plan for you the most suitable pyrometer installation for 
your plant. Write today for our catalog. 


WILSON-MAEULEN CO., ING 
Makers of Good Pyrometers 
386 Concord Ave. NEW YORK CITY 


ILSON-MAEULEN 
PYROMETERS 


WATSON- STILLMAN SAGGER PRESSES 


MAKE BETTER SAGGERS 
at 
LOWER COST 


These Machines press 

saggers from solid wads 

: ofclay. Our sagger dies 

: ws have no joints to work 

| sure, this insures a hom- 

ogeneous product and 

reduces to a minimum 
the losses in firing. 


Write for Balletins 
and fall information 


The Watson-Stillman Co. 


Showing a 50 Ton Sagger Press 

Outfit Complete equipped with 28 DEY STREET, NEW YORK 

dies for making Elliptical Sagger. Chicago, McCormick Building 
Philadelphia, Widener Bldg. 
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Russell Tunnel Kilns C. K. Browns 


r4 yy In selecting Brown Indicating and Recording Pyrometers for many of 
our Kilns, we believe we have found an instrument that will fulfill 
our requirements satisfactorily. 

** It is needless to say that we could not continue in this belief if your 
equipment had not performed satisfactory work at the following 
factories: 

Zwermann Company, Robinson, III. 

Gladding-McBean & Company, Lincoln, California. 
Batchelder-Wilson Company, Los Angeles, California. 
West Coast Porcelain Mfgrs., Millbrae, California. 
Whiting Mead Pottery Company, Los Angeles, California. 
Speer Carbon Company, St. Mary's, Pennsylvania. 

‘We feel free in recommending Brown Instruments because of their 
past performance and because of your service organization. 

Yours very truly, 99 
RUSSELL ENGINEERING COMPANY. 
(Signed) Vernon Baker, Chief Engineer and Vice President.”’ 
Let us send you full information_on Brown Pyrometers ae your plant. Write today— 
address The Brown Instrument Company, 4505. Wayne Avenue, Philadelphia, Pa., or one 


of our District Offices at New York, Boston, Pittsburgh, Cleveland, Columbus, Detroit, 
Chicago, St. Louis, Birmingham, Houston, Denver, Los Angeles, Montreal. 


MAINE FELDSPAR COMPANY 


Grinders of 
Mt. Apatite Spar | 
Mills Main Office 
Auburn and Topsham, Maine Brunswick, Maine 
Sales Agents 
Charles M. Fransheim Co., Wheeling, W. Va. | 


(When writing to advertisers, please mention the JOURNAL) 
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THE 


JOHNSON-PORTER 


CLAY COMPANY 
McKENZIE, TENNESSEE. 


Producers of High Grade 
Clays for all Branches 
of the White Wares 
Industry. 


Purchase your Ball, Sagger 
and Wad Clays direct from 
the producer, and thus 
know who is responsi- 
ble for their 


quality. 


1816 che ets 1924 | 


“Over a Century of Service and Progress” 


South Dakota 


FELDSPAR 


An extremely high-grade 
Potash Spar ground in 
our own mills under 
constant and thorough 
chemical control. 


Capacity up to 300 Tons Daily 


We solicit your inquiries 


INNIS, SPEIDEN & CO., Inc. 


Importers, Manufacturers, Exporters 
46 CLIFF STREET NEW YORK 
Branches: 


BOSTON PHILADELPHIA CHICAGO 
CLEVELAND GLOVERSVILLE 


Potters Flint 


PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PENNA. 


Pure Canadian Potash Feldspar 


Placing Sand 


SALES OFFICE 


323 Fourth Avenue 
Pittsburgh, Pa. 


(When writing to advertisers, please mention the JOURNAL) 
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Professional Services 


Wanted: Research associate well 
trained in physical chemistry, 
preferably experienced in ceramic 
chemistry. Small amount of 
teaching may be required. De- 

rtment of Ceramic Engineering, 

niversity of Illinois, Urbana, 
Illinois. 
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CLASSIFIED ADVERTISING 


WANTED: An experienced 
sprayer of o enamel on large 
heavy steel ware. Steady work. 
Give full particulars as to experi- 
ence and previous occupation. 
Reply to HEC. American Ce- 
ramic Society, Lord Hall, O.S. U., 
Columbus, Ohio.” 


CERAMIC CHEMIST 
Young man wanted to assist in 
laboratory and works of factory 
in New Jersey. Answer stating 
age, education, past positions, if 
any, and salary expected to start. 
Address ‘“‘Box 721, American 
Ceramic Society, Lord Hall, 
O. S. U., Columbus, Ohio.” 


WANTED: Fire Brick 
Salesman. Prefer man who 
has had ceramic course and 
experience in the making 
and selling of fire brick. 
Must give best references. 
Address ‘“‘Box 11-4, Ameri- 
can Ceramic Society, Lord 
Hall, O.S. U., Columbus, 
Ohio.” 


WANTED: Position by plant 
manager and ceramic engineer. 
Ten years’ experience in manufac- 
turing and selling all heavy clay 
products. Familiar with kaolin 
deposits of Georgia. My record at 
your disposal on request. Address 
“‘C-S, American Ceramic Society, 
Lord Hall, O.S.U., Columbus, O.” 


WANTED: Situation as practical 
porcelain foreman and mixer on 
wet and dry process. Guarantee 
to produce first class work and 
can furnish best of references. 
Age 30, nationality Bohemian. 
Address ‘“‘MM, American - 
ramic Society, Lord Hall, O. S. U., 


Columbus, Ohio.”’ 


The Journal of the Society of Glass Technology | 


A quarterly Journal containing original papers and abstracts 
of papers covering the whole field of Glass Technology. 


ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 


Ordinary 
Collective Members. 
Price per Number to non-Members.......... 
Price per volume (unbound) to non-Members 
Forms of application for membership may be obtained from the American Treasurer of the 


Society, Mr. Wm. M. Clark, Ph.B., Nela Park, Cleveland, Ohio. 


Address orders and inquiries to: The Secretary, Society of Glass Technology, The 


University, Sheffield, land. 


(When writing to advertisers, please mention the JOURNA L) 


PROFESSIONAL 
DIRECTORY 


JOURNAL OF THE 


CERAMIC 
BREVITIES 


D. J. DEMOREST, 
Metallurgical Engineer — Analytical Chemist 


Silicates, Coals, Gases, etc. 
Specialties 


Lord Hall, O. S. U. Columbus, Ohio. 


| THE SHARP-SCHURTZ COMPANY 
| 


Chemists for the Ceramic Industry 


Lancaster, Ohio, U. S. A. 


LOUIS G. ROBINSON LABORATORIES 


Consulting Ceramists 
for the 
Enamel and Silicate Industry 


Chemical Analyses 
Raw Materials and Products 


31 E. Fourth St. Cincinnati, O. 


The Phillips & Clark Stove 
Company is now installing a 
large new Carborundum “V” 
type Muffle Furnace with Dou- 
ble Unloader. Installation is 
being made by The Ferro 
Enamel Supply Co., who also 
have just com leted a large 
new Carborundum ‘‘V"’ type 
Muffle Furnace installation for 
The Floyd-Wells Company of 
Royersford, Pa. Both are oil 
fuel installations. 

It may also be of interest to 
note that The Ferro Enamel 
Supply Company is now exclu- 
sive representative in the por- 
celain enafeling industry in the 
United States for the complete 
line of color oxides of the B. F. 
Drakenfield & Company, New 
York City. 


Dings Magnetic Separa- 
tor Company of Milwau- 
kee, Wisconsin announces 
the opening of an office at 
229 Lovering Ave., Buffalo, 
New York to handle sales 
in that territory. It also 
announced that the Dings 
office at Birmingham, Ala- 
bama has been moved from 
the Brown Marx Building 
to 513 North 21st Street, 


Birmingham, Alabama. 


(When writing to advertisers, please mention the JOURNAL) 
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ENGELHARD PYROMETERS 


Here is a reliable guide along the pathway to the 
quickest burn—a guide that you can depend on 
for correct temperature information. And you 
will find that an Engelhard Pyrometer system 
has a way of delivering correct temperature in- 
formation over a period of years at a cost for 


maintenance that will pleasantly surprise you. 


CHARLES ENGELHARD INC. 
30 Church St., N. Y. City. 


——- 


Quality Uniformity Experience 


Edgar QUALITY Clays 
REALLY washed—Highest percentage clay substance 


Brands Produced by 
Edgar Florida Kaolin. ......-...-.-.-- Edgar Plastic Kaolin Co. 
Edgar Georgia Paper Clay and Kaolin. ...Edgar Brothers Co. 
Lake County Florida Clay.......-.---- Lake County Clay Co. 
One Management— Office, Metuchen, N. J. 
12-21 


Brick Making Machines 


Crushers Grinders Mixers 
Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pa. 


(When writing to advertisers, please mention the JOURNAL) 
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If you want pyrometer protection tube satisfaction 


USE 
Montgomery Hard Porcelain Pyrometer Tubes 


All Sizes and Lengths for either Platinum or Base Metal 
Couples 


The Best Liked and Most Largely Used 


Protection Tubes on the Market today > 
Uf the manufacturer of your pyrometer equipment cannot supply 
you, write us direct. TRADE MARK 
MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. S. A. 10-22 7 


CENTRIFUGAL 
SEPARATORS 


For S1z1ne 
Spar—Silica—Quartz—Clay 
to “Standard Specifications” 

Absolutely Uniform Products 


Rubert M. Gay Company, Inc., 114 Liberty St., New York 


“BETTER KILNS FOR CLAY PRODUCTS” 


(Bulletin No. 3) 


A request on your letterhead will secure a 
free copy of this valuable 32-page booklet. 


THE CERAMIC ENGINEERING CO. 
SCHULTZ BLDG. COLUMBUS, OHIO 


HADFIELD f¥ CLAY PLANT EQUIPMENT 


PENFIELD 
STEEL CO We build every machine and appliance required 
for making various Clay Products. Correspon- 
dence solicited. We also build Rotary Driers, 
Cement Mchy., Fuel Oil Engines (Diesel Type), 
,j Gasoline Locomotives, Ship Deck Equipment, etc. 


The Hadfield-Penfield Steel Co., Bucyrus, Ohio. 


«pUCYRUS OHIO Formerly The American Clay Mchy. Co. in 
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Paris Crystal Spar 


Designates 


Pure Crystal Spar 
No Free Quartz 


No Impurities 


A.C. PERHAM West Paris— Maine 


This is one of 
the types of 
American Ring 
Pulverisers that 
= handle your 


When You Buy—Consider It! 


When you are in the market for pulverizing We assure you that it does an unapproach- 
equipment, include the American Ring able job on grog, glass cullets, coal and 
Pulverizer in your investigations. clay: but don’t be convinced by our state- 


See how the ring method of crushing brin ment. Ask for the actual facts and figures 
lower operating cost and an slimination of based = the performance for scores of 


costly shut-downs. ul panies 


AMERICAN PULVERIZER CO. 
18th and Austin Sts., St. Louis, U. S. A. 


AMERICAN Ring PULVERIZERS 
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W. N. BEST Oil Burners 


DIRECTION OF 
STEAM OR AIF 


A superior burner backed by thirty-four years 
of successful practical application in every in- 
dustrial field. —If heat distribution is de- 
sired consult our engineers. 


Catalogs upon request 


W. N. BEST Corporation ° 
NEW YORK 


11 BROADWAY 


J. W. Cummings 
Feldspar Co. 
Miners and Pulverizers 


Bath Maine Feldspar Maine 
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NORTON CHAMBERS FOR TUNNEL KILNS 


(Bonded Fused Alumina) 


Before many months two additional Dressler 


Tunnel Kilns will be fitted with 
ALUNDUM COMBUSTION CHAMBERS 


DRESSLER DESIGN 
Tunnel Kiln 
Combustion Chamber 


(THER NORTON The Alundum Product is particularly stable in oil, 
gas and coal fired kilns being unaffected by either 

REFRACTORY reducing or oxidizing atmosphere. 

PRODUCTS The Alundum Product has a thermal conductivity 


very close to bonded silicon carbide.* 


Ask to have a representative call. He will have 
Nufles Cements convincing information and tell you of an Alundum 


Crystolon and Installation that was inspected after two years con- 
tinuous service at 1400° C. and found in a condition 

Alundum Brick good for at least another two years. 

Saggers, Sintered * “Studies on the Thermal Conductivities of Some Re- 


fractory Materials,”’ a contribution from the Research 


Nagnena romeer Laboratories of Norton Company. Send for a copy. 


Tubes, furnace 
NORTON COMPANY, Worcester, Mass. 


Tile etc. — Refractories Division 
R-209 
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JOURNAL OF THE 


GENESEE 
CANADIAN FELDSPAR 


UNIFORM 
FINENESS 


COLOR 
CONTENT 


Genesee Feldspar Company, Inc. 


Successors to 


Pennsylvania Feldspar Co. 
ROCHESTER, New York 


Improved manufacturing methods permit us to 
offer an apacifier which gives 


RESULTS equal to OXIDE of TIN 


in Enamels for Steel and Cast Iron 


Try 


VITROZIRCON 


The Ideal Zirconia Opacifier 


THE VITRO MANUFACTURING CO. 


Pittsburgh, Pa. 
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BUSINESS OPPORTUNITIES 


FOR SALE ° Roots Acme Blower No. 4 cost $265.00. Practically new, will sell 
° for $100. We are in the market for a medium sized Hunter mixer 


and sifter. 
TECHNICAL PRODUCTS CoO. 
116 South Sheridan Ave. Pittsburgh, Pa. 


Manufacturers of THERMOLD and INSALUTE cement (liquid porcelain) 
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Pulverizing Silica In a Slow Speed Mill 


The highest grade of Silica is pulverized in the Hardinge 


Conical Mill. 


fineness. 


JOURNAL OF THE 


The product is pure and of uniform 


If you have a problem of grinding any hard or abrasive 
material, the results of grinding this hard silica will give 
you an idea of what can be accomplished. 


LiLVATOR 


tak 


Conca 


CITY. UT: 
ENGLAND; li 


Hardinge Conical Mills 


This is what one of the largest 
companies in the business is 


doing. 


Material 
Size of feed to mill 


Size of product 


Capacity 
Mill 


R.P.M. of mill 
H.P. input 


Hard, abrasive silica 


34 


99+% passing 140 
mesh. 90% passing 
300 mesh 

134 tons per hour 

8’ x 30” Hardinge 
Conical Pebble Mill 


equipped with air 
separator. 


Our latest system enables the 
operator to adjust the fineness 
to as high as 99.8% passing 325 


mesh if required. 


“YORK. NG NNSYLVANIA 


BRANCH OFFICES 
NEW YORK.N.Y.{ 120 BROADWAY 
UTAH: NEWHOUSE BUILDING 


SALT LAKE 
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AMERICAN CERAMIC SOCIETY 


“HURRICANE” DRYER INSTALLATIONS 
Quickly Pay for Themselves 


A firm in Battle Creek, Michigan, saves $2,550.00 
per year since installation of the ‘HURRICANE” 


Dryer, repaying its cost every nine months. 


Specific data as to how the above installation was effected 
will be promptly forwarded on request. Our Engineering 
Department will cooperate with you on any individual prob- 
lem or need. 

Write for Complete Information 


THE PHILADELPHIA DRYING 
MACHINERY COMPANY 


Manufacturers of Ceramic Drying Machinery 
Stokley St., above Westmoreland, Philadelphia, Pa, 


New England Agency: 
Hurricane Engineering Co. 
53 State St., Boston, Mass. 


Canadian Agents: 
Whitehead, E: , Lid. 
Montreal and Hamilton 


A Real Blunger— 


A Post Card will bring you full particulars of this machine. 
By the way, have you our Catalog? 


THE MUELLER MACHINE CoO. 
TRENTON, NEW JERSEY 


(When wriisng to advertisers, please mention the JOURNAL) 
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SOLE IMPORTERS OF 


ENUINE 
KRYOLIT GREENLAND 
FOR THE GLASS AND 
ENAMEL TRADES 


MANUFACTURERS OF 


NATRONA 
HYDRATE and OXIDE A 
FOR THE GLASS, ENAMEL 

AND PORCELAIN TRADES 


And Other INDUSTRIAL CHEMICALS 


Pennsylvania Salt Manufacturing Co. 
PHILADELPHIA, PA. 
New York Pittsburgh St. Louis 


The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


99.97% Pure Silica 140 Silk Lawn Test 
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When the Fork 
Brings Forth its Load— 


How much of that load of enameled ware goes into the 


scrap-pile? How much into the profit side of your ledger? 


The furnace-door is the point at which to analyze your 
enameling department-—that is the point which deter- 


mines its failure or success. 


Advice may be profitable or cost- 
ly—but you are responsible. 
And you want proof. 


Proof in purchase-cost figures and 
maintenance figures. Proof of 
quality of product, and cost of 
product. 


That is what Pemco offers with 
all of their enamels and each type 


of Pemco equipment. When you 
buy Pemco equipment, you do 
not have to guess what it will do. 
You can know what it will do. 


Just say what kind of equipment 
or enamels you are interested in 
and that you “‘ want proof”. It 
will place you under no obliga- 
tion. 


The PORCELAIN ENAMEL & MFG. CO. 


Baltimore, 


Maryland 
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M&T 
SODIUM ANTIMONATE 


A technically prepared ceramic product of highest 
purity, assuring the complete combination of sodium 
oxide and antimony oxide to form the definite com- 
pound—sodium antimonate (Na,Sb.O,). 


Free from dirt. 
Uniformly fine grain. 


No free alkali. 


Quality guaranteed uniform in 
each and every shipment. 


Exclusive Agents for 


Johnson-Porter Enamel Clays 


By giving exceptionally good results in floating 
enamels are rapidly supplanting foreign 
enamel clays. 


METAL & THERMIT CORPORATION 


Ceramic Department 120 Broadway 
Homer F. Staley, Mgr. New York 
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